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Preface

One of the principal functions of the Bureau of Labor
Statistics is to inform policymakers on the utilization of
the Mation's resources, particularly as this affects the well-
being of U.S. workers. Thus, an important part of the
Bureau’s work is the study of productivity, which is
directly related to real income, price stability, employ-
ment, and the competitiveness of U.S. goods and services
in world markets.

This bulletin presents annual measures of the stock of
research and development and its contribution to produc-
tivity growth in the nonfarm business economy. The data
cover 1948 to 1987. Corresponding data, including revi-
sions, will be made available in the future.

The bulletin is an addition to a series of studies of
multifactor productivity growth by the Bureau of Labor
Statistics. The initial study, Trends in Multifactor Pro-
ductivity, 1948-81 (Bulletin 2178), published in 1983, con-
sidered the effects of both capital services and labor
inputs on productivity growth. The present bulletin
extends the work conducted within this framework to
include the stock of research and development.

This program also includes multifactor productivity
measures based on gross output and inputs of energy,
materials, and purchased services as well as capital and
labor services. Such measures have been published for
total manufacturing, all two-digit industries within
manufacturing, and selected three-digit industries within
manufacturing. In addition, the Bureaun is developing
studies showing the effect of changes in the composition
of the labor force and capacity utilization on multifac-
tor productivity growth in the major sectors. Further
work on the contribution of research and development
to productivity also is anticipated.

The BLS program on the measurement and analysis of
multifactor productivity growth is in accord with the
recommendations of the Panel to Review Productivity Sta-
tistics organized by the National Academy of Sciences

and chaired by Professor Albert Rees. The panel's rec-
ommendations were presented in Measurement and Inter-
pretation of Productivity, published by the MNational
Academy of Sciences in 1979. These recommendations
include:
“The Panel recommends . . . developing and
maintaining measures of some of the sources of
growth (such as physical capital and work force
composition) so that policymakers can have timely
and accurate information on at least the more easily
measurable sources of productivity change” (p. 15).

Chapter 7 of the panel report, which provides the basis
for this recommendation, includes a substantial discussion
of the contribution of research and development to pro-
ductivity growth. -

The present study was conducted by the Bureau’s Office
of Productivity and Technology under the leadership of
Jerome A. Mark, Associate Commissioner. Edwin R.
Dean, Chief of the Division of Productivity Research, and
the late William H. Waldorf, former Chief of the Divi-
sion, supervised work on this project. Leo Sveikauskas
designed and prepared the study and wrote the report. Kent
Kunze directly supervised the work.

Robert Evenson, Zvi Griliches, Wallace Huffman, Edwin
Mansfield, Frederic Scherer, William Stewart, and Nestor
Terleckyj commented on earlier drafts of this manuscript.
The Bureau is grateful for the very helpful comments these
experts on research and development generously provided.
However, none of these scholars is responsible for any
errors or imperfections which remain in this report.
Responsibility for this work rests solely with the Bureaun
of Labor Statistics. In addition to the outside readers,
Michael Harper of the Bureau provided helpful comments.

Material in this publication is in the public domain and,
with appropriate credit, may be reproduced without
permission.
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Chapter |. Introduction
and Summary of Findings

In view of the widespread interest in U.S. productiv-
ity growth and because of its statutory responsibility, the
Bureau of Labor Statistics prepares and publishes official
measures of productivity growth. For the same reasons,
the Burean has undertaken a sustained program to
improve these measures and to make them more useful
to the interested public, including other government agen-
cies, policy analysts, researchers, and business and labor
leaders. In 1983, as a part of this program, the Bureau
published its first measures of multifactor productivity
growth (U.S. Department of Labor, 1983). These meas-
ures show the growth rate of output per unit of combined
and weighted inputs of capital and labor.

The Bureau has prepared a number of other studies
of multifactor productivity growth, all within the con-
ceptual and empirical framework established by the initial
1983 study. These studies include development of
multifactor productivity measures based on gross output
and inputs of energy, materials, and purchased services
as well as capital and labor; research projects designed
to improve measures of capital inputs; and measures of
change in the composition of labor inputs, along with the
impact of such changes on multifactor productivity
growth. The present study describes work conducted
within this program dealing with the contribution that
research and development (R&D) makes to U.S. produc-
tivity growth. In particular, it provides a detailed account
of methods adopted and assumptions made in the
preparation of previous Bureau studies of the R&D con-
tribution (Sveikauskas, 1986a; 1986b).

There is ample evidence that R&D is a strong influence
on productivity growth. Studies have generally found
both that the returns to R&D are extremely high
(Griliches, 1973; Scherer, 1982b) and that R&D is the
strongest and most consistent influence on observed
multifactor productivity growth (Kendrick and
Grossman, 1980; Sveikauskas and Sveikauskas, 1982).

Evidence from specific R&D projects provides further
support for the notion that research has a substantial
impact on output growth. Mansfield et al. (1977) report
high private and even higher social returns for a sample
of specific research projects. Tewksbury et al. (1980)
reach similar conclusions in a subsequent replication. The
fact that econometric analyses of the productivity impact
of rR&D and detailed studies of the return to specific R&D
projects both lead to broadly similar results greatly

strengthens the confidence that can be placed in the
overall conclusion that research has a substantial
economic impact. In view of such evidence, it is clear that
any attempt to develop a comprehensive understanding
of productivity growth must pay considerable attention
to research and development.

Economists have frequently approached the contribu-
tion of R&D by constructing an R&D capital stock. The
procedures used in determining tangible capital stocks are
typically also applied to R&D. Annual investments are
first deflated into real terms and then transformed into
annual stocks through perpetual inventory calculations.
Studies of this type generally indicate that R&D con-
tributes about 0.2 or 0.3 percent annually to productivity
growth (Griliches, 1980b; Terleckyj, 1982a). However,
studies which include the indirect effects of rR&D on
improved capital or materials guality suggest larger
magnitudes may be involved (Scherer, 1982b).

The preferred estimates of the R&D stock prepared in
this report indicate that in the private nonfarm business
sector, the R&D stock increased at a 7.9-percent annual
rate between 1948 and 1973, but slowed to 4.3 percent
in 1973-87. Since most research is conducted in manufac-
turing, growth rates in that sector are similar. Research
and development contributed between 0.1 and 0.2 per-
cent annually to multifactor productivity growth in the
private nonfarm business sector. However, the slowdown
in research growth had an impact of less than 0.1 per-
cent on the 1973-87 productivity slowdown.

In addition to the central series summarized here, a
wide variety of alternative R&D stocks based upon alter-
native assumptions have also been constructed. In most
instances, the implied effects of R&D on productivity
growth are very similar. However, if R&D does not
depreciate, the 1948-87 impact on productivity growth
could have been as great as 0.4 percent. Even in this case,
however, R&D makes no substantial contribution to the
productivity slowdown.

To place these results in perspective, BLS measures of
multifactor productivity growth show that capital inputs
in the private nonfarm private business sector grew at a
3.5-percent average annual rate in 1948-73 and at a 3.7-
percent annual rate in 1973-87. Output per hour increased
at a rate of 2.5 percent from 1948 to 1973, reflecting a
capital contribution of 0.8 percent and a 1.7-percent con-
tribution from multifactor productivity. In 1973-87,



output per hour increased at an average annual rate of
0.9 percent, with capital contributing 0.7 percent and
multifactor productivity 0.2 percent. The observed
slowdown in the growth of output per hour is therefore
largely due to the 1.5-percent decline in multifactor pro-
ductivity growth; the direct influence of research con-
sidered in this bulletin explains very little of the observed
slowdown in multifactor productivity growth.!

The estimates obtained in the present analysis consider
only the direct returns to R&D. However, the present
study is only the initial report from a continuing BLS pro-
gram analyzing the effect of technology on productivity.
Subsequent work will analyze the indirect returns to RaD
obtained by purchasers further along the chain of pro-
duction, such as firms which benefit from access to
improved capital and materials. In addition, future work
will devote considerable attention to the effect of diffu-
sion of technology on productivity. The reader should
realize that these indirect effects of research, which are
not included in the present bulletin, are extremely impor-
tant. In fact, they may well account for the larger por-
tion of the total impact of research and development.?

Chapter Il considers the framework or model within
which work on the effect of R&D on productivity has
customarily been conducted. Chapter 111 considers several
issues which are central to the calculation of an R&D

"Mark and Waldorf (1983) describe early BLs work on multifactor
productivity growth. Dean and Kunze (1988) summarize the evidence
for more recent years and also describe further work conducted within
the multifactor productivity program.

If the indirect effects of raD are included, the total cffects of
research could contribule as much as 0.3 1o 0.4 percent 1o long-term
productivity growth. However, because of the substantial time lags
involved in difTesion, the indirect impact of trends in research spend-
ing on the post-1973 productivity slowdown is likely to be difficult to
race,

stock, such as the length of the lag between research
expenditures and their effect on productivity, the deter-
mination of a deflator for rR&D expenditures, and the
relative strength of the impact of privately financed or
federally financed research on productivity. Chapter IV
examines guestions of data availability.

Chapter V presents the central empirical series, which
rest on specific assumptions concerning each of the items
discussed in chapter 111, such as the deflator and the
influence of federally financed research. This discussion
also compares the results of the present study with con-
clusions from prior work conducted by Griliches, Ken-
drick, and Denison. Chapter VI construcis several other
plausible measures of the research stock, based on alter-
native assumptions concerning each of the key data issues,
and considers their implications for productivity growth.
Chapter V1 in effect provides a sensitivity analysis
illustrating the impact each central assumption has on the
implied contribution of R&D to productivity growth.
Finally, chapter VII considers several lines of potential
future work which could improve measurement of the
R&D stock and analysis of its impact.

This bulletin uses a framework similar to that used in
most other studies of the impact of R&D on productivity
growth. The empirical conclusions are also similar to the
results from most other studies, as discussed in chapter
V. In addition, the sensitivity analysis conducted in
chapter VI shows that a wide variety of plausible alter-
native assumptions lead to broadly similar conclusions.
Mevertheless, it is likely that new and improved methods
of analyzing the impact of R&D on productivity growth
will emerge in the future. In this context, the estimates
presented in this bulletin may eventually turn out to be
lower bound estimates of the total impact which r&D and
other forms of scientific progress have on productivity
growth.




Chapter Il. Theoretical
Framework

This section describes the model or economic frame-
work within which work on the effect of research and
development on productivity has generally been con-
ducted. The discussion presented here requires no math-
ematical symbols. However, appendix A provides a
mathematical statement of the central issues and also con-
tains a more thorough and more formal discussion of
many important technical issues.

The growth accounting approach to productivity
analysis generally starts with the rate of output growth
and subtracts the observed contribution of individual
inputs from this amount. For example, output growth
may be 3 percent in a certain industry; if observed input
increases contribute 2 percent to total growth, this implies
that multifactor productivity contributes the remaining
1 percent.

The crucial issue in such calculations is determining
how much of a contribution the various inputs make to
output growth. Experts in productivity growth have
typically assumed that the productivity contribution of
any input can be measured by its price. For example, if
the wage for a particular type of labor is $10 an hour,
it is generally assumed that each increased hour of labor
of this type contributes $10 worth of increased output.
Similarly, if the observed rental price of a dollar of capital
is 30 cents, then each additional dollar of capital is as-
sumed to contribute an extra 30 cents worth of output.

However, it is extremely difficult to determine the price
of the rR&D stock. Most of the returns to R&D appear in
data on corporate profits, where they are mixed together
with the return to capital. It is therefore difficult to
separate the returns to capital and research. Although
there is some market for R&D findings, through such pro-
cedures as royalties or licensing, there are no reliable and
complete figures on these items; in addition, many
research findings are never sold. Clearly, many severe
problems must be faced in determining the appropriate
overall national price of research.

Because of the difficulty of obtaining a reliable measure
of the price of the research stock, the present report
instead measures the contribution of research to produc-
tivity growth directly from studies of the productivity
implications of research. Many authors have developed
estimates of the productivity contribution or rate of
return to R&D.!

! Studies which have estimated the return to rap include Griliches
{1973), Terleckyj (1974), Griliches (1980a), Sveikauskas (1981), Scherer
(1982b), and Griliches and Lichtenberg (1984a).

The literature on the return to R&D has been based on
two distinct approaches. One group of studies assumes
that the research and development share is a constant pro-
portion of output; another group assumes instead that
the productivity contribution, or rate of return, of each
unit of research is the same for each firm or each industry
within a sample.?

Studies of the effect of R&D on productivity growth are
now evolving beyond arbitrarily choosing one or another
of these two extreme assumptions. More recent work
instead uses econometric methods to estimate the extent
to which the return to research changes over time.? The
extent of any change in the return to research is fun-
damentally an empirical issue. Some work suggests that
the return has declined in recent years (Griliches, 1980b).
However, it is difficult to determine changes in the rate
of return to research over time, largely because disag-
gregate research data covering a sufficiently long time
span are typically not available.

Because information on changes in the rate of return
to research over time is important to an understanding
of the impact of R&D on productivity, the BLS has con-
ducted further work on this issue. Appendix B sum-
marizes the conclusions from this analysis. The evidence
indicates that the return to research did not decline in the
19707s.

The economics literature cited in chapter III also
generally finds no decline in the return to research over
time. The overall literature and the analysis reported in
appendix B consequently both point in the same direc-
tion. Therefore, the preferred measures developed in this
bulletin assume that the productivity contribution of a
unit of research is constant over time. However, chapter
V1 also considers an alternative series which analyzes the
impact on productivity growth if the return per unit of
research has declined substantially over time.

Depreciation

Over time, any given asset, such as a physical capital
good or an R&D investment, tends to make a less effec-
tive contribution to production. Depreciation is an ex-
tremely complex concept which involves many issues. In
addition, empirical evidence on the depreciation of the

2 Srudies based on the constant RaD share approach include Griliches
(1980a; 1980b). Studies which use the constant rate of return approach
include Terleckyj (1982a) and Griliches and Lichienberg (1984b).

¥ Griliches and Lichicnberg, 1984b,



R&D stock is unclear and inconclusive. Some evidence
suggests that research and development never depreciates.
Other information suggests that the R&D stock is subject
to moderate depreciation. Still other evidence indicates
that research investments depreciate at an extremely rapid
rate. Unfortunately, there has been no definitive study
which determines which of these alternatives is generally
true.

The present study therefore selects an intermediate rate
of depreciation, a geometric decay rate of 0.1, as the rate
of depreciation used in the preferred measures. This
relatively simple variant assumes that research invest-
ments generally depreciate 10 percent in each year of their
operation. Further calculations also examine the implica-
tions of alternative research stocks based on zero d:pm::l
ation or a geometric decay rate of 0.2.

The assumed rate of depreciation turns out to have
important implications for the effect of R&D on produc-
tivity growth. However, at this time it is not possible to
determine which assumption about depreciation is most
accurate. Further evidence on the appropriate rate of
depreciation of the R&D stock would be very helpful

The social return to research

One further implication of the estimated return to
research should also be mentioned here. If research
workers and capital are already included in the labor and
capital inputs, then the return to R&D will be a social
return beyond this private return (Griliches, 1973).

Since typical measures of industry capital and labor
input already contain the resources devoted to research,
the estimated return in most instances will actually be an
externality or social return. (That is, even the estimated
direct returns are likely to be social returns.

4 Ome important ambiguity affecting the current stock of research
is the fact that much research expenditure consists of retrieving, using,
and maintaining the previous stock of research rather than adding to
new understanding. Similarly, there is much duplication of research
in the sense that different projects conducted by different firms overlap.
Both of these influences imply that the sodally useful stock of research
is less than that supgested by the sum of previous rap sxpenditures,
However, ifl such circumstances meant that the troe research stock were
only half that suggested by expenditures data, then the implied accurate
rate of return would be (wice as high. This example indicates that cor-
rection for duplication in research would affect measures of the
magnitude of the research stock, but would not alter calculations of
the implied contribution of research to productivity growth over time,

¥ For example, in a typical industry, labor input may increase at 4
percent a year and capital input at 6 percent. However, the type of data
generally available on industry inputs already includes research inputs.
The true growth rate of inputs in this same industry, once research inputs
are exchuded, may be only 3 percent for labor and 4 percent for capital.

Multifactor productivity growth is determined by subtracting weighted
input growth from output growth. If resources devoted to ressarch are
subtracted twice, once in capital or labor and again in research, the
overall return to research tends to be understated. These matters are
discuszed more formally in appendix A.

Schankerman (1981) and Cuneo and Mairesse (1984) show that the
estimated rate of return docs not necessarily have to provide an estimate
of the externality effect. However, the empirical work contained in both
of these articles supports the externality interpretation,

Data are not available to examine the magnitude of the
bias thereby introduced in U.S. data. However, Cuneo
and Mairesse (1984) removed research expenditures from
their measures of capital and labor input within data for
French firms. Their estimates of the research share then
increased from 0.11 to 0.21 or from 0.09 to 0.12 in dif-
ferent samples.® These results suggest that correction for
such double counting substantially increases the implied
research effect.”

Alternative approaches

Most studies of R&D have measured output by value
added and considered capital and labor as inputs.
However, more recent industry studies (Scherer, 1982b)
have used a gross output concept, reflecting a gradual
trend towards greater reliance on shipments, adjusted for
inventory change, as a measure of output throughout the
field of economics. Materials are then treated as an addi-
ticnal input. However, essentially the same theoretical
structure is retained.

Several theoretical alternatives have been suggested in
addition to the variants of the standard procedure.
Sveikauskas (1981) suggested a way of discriminating be-
tween increased investment in science of the same quality
and technical progress in the science sector. This
methodology is not considered here.

In another approach, Link (1978) emphasized that the
effect of research on productivity was likely to be factor
augmenting (affecting either labor or capital predomi-
nantly) rather than Hicks neutral (affecting both inputs
equally).? Finally, Nadiri and Bitros (1980) have sug-
gested that research be treated as an additional factor of
production, interdcting with other inputs, rather than just
as a multiplicative influence on capital and labor. Their
results show that R&D influences the observed demand

& Specifically, the implied research share is estimated as 0.107 for
scientific firms when resources used in research are also contained in
the inputs of capital, labor, and materials. The research coefficient
increases 1o 0.206 when resources used in research are excluded from
the other inputs. Similarly, for nonscientific firms the research share
increases from 0.093 1o 0.116 when the labor, capital and materials series
are corrected for double counting (Cuneo and Mairesse, 1984,
p. 3B6).

T Most studies of the relationship between rap and productivity
growth have been conducted with the industry as the unit of observa-
tion. The estimates of the social return, therefore, inchede benefits which
flow to other firms in the industry as the result of one firm®s rescarch
spending. Similar types of externalities ocour when studies use firm data,
especially since afl the firms in a rescarch-intensive industry tend to have
high values of research intensity and to benefit from each other’s research
(Jaffe, 1986; Bernstein and Madiri, 1986).

¥ Link (1978, p. 377) Hsts some of the difficulties involved with his
empirical work. One key difficulty is that his approach explicitly requires
each industry to be at the same level of technical or enireprencurial
ability. This assumption exclodes an important issue at the center of
interindustry productivity comparisons. As Link also notes, his estimates
of factor angmentation are greater than the residual within each of 45
industrics considered.




for both capital and labor, suggesting complementarities
between research and these other inputs.?

Indirect returns to research

The strongest trend in recent work on R&D has been
a greatly increased emphasis on the indirect returns to
research, that is, the productivity gains obtained by down-
stream industries which are able to acquire better quality
capital or materials because research-intensive industries
have greatly improved their products through heavy
research expenditures. The first major evidence support-
ing this viewpoint is Terleckyj (1974), but Scherer (1982b)
is an important further milestone. The central idea of this
line of thought is that process innovations fundamentally
affect productivity in industries performing R&D, but that
the returns to product R&D are obtained by industries fur-
ther downstream in the production process.

This perspective has become central in recent analysis
of the productivity effect of r&D. Estimated indirect
returns are very high. However, the channel of effect
remains unclear. Terleckyj (1974), who started this line
of amnalysis, reported separate significant effects for
research contained in capital and research contained in
materials for manufacturing industries; however, the
capital effect was very much greater. In nonmanufactur-
ing, research embodied in materials had an effect but,
quite surprisingly, research contained in capital did not.

Subsequent work has reported a very diverse picture.
Sveikauskas (1981) and the regressions based on the
largest sample in Scherer (1982b) report extremely high
returns for purchased capital, but none for materials.
Other regressions in Scherer’s work find significant pos-
itive effects for purchase of research through materials.

* The growth accounting framework generally does not allow for
interactions between inputs very effectively. Nelson (1973) discusses this
point. Recent work by Bernstein and Madiri (1986) and Bernstein (1988)
clearly shows that rap affects the demand for cortain inpuls more
strongly than the demand for other inputs, though the patiern of
influence varies among different industries.

More recently, Griliches and Lichtenberg (1984a) divide
research used in each industry in Scherer’s data into the
industry’s ‘“‘own process”™ resecarch, “own product”
research, and imported R&D. They conclude that the
influence of R2D embodied in purchases from other sec-
tors is ““weak and unstable over time.'” Finally, in
Terleckyj (1984), the rescarch-through-capital variable
drops out once an industry’s own research is also
included.

It is possible that Scherer’s resulis differ from those
of Griliches-Lichtenberg because the Griliches-
Lichtenberg sample covers only manufacturing industries.
Further analysis of this question will therefore probably
require some consideration of productivity patterns out-
side manufacturing, which raises difficult issues of data
reliability.

Meanwhile, this study adopts the perspective that the
indirect effects of R&D are one obvious methed of
approaching the diffusion of technical progress.
However, since the channel of effect is now unclear and
requires substantial further study, since the magnitudes
involved are uncertain, and since there is currently no con-
vincing evidence on the associated lags, it does not seem
possible to estimate and allow for these indirect effects
at present. This report therefore deals only with the direct
returns to research.

One gualification involved in this judgment must be
understood. Manufacturing industries perform most of
the research for the entire economy. Sectors outside
manufacturing, such as trade and services, obtain access
to most of the research they use indirectly through their
purchases of manufactured goods. Consequently, the
decision to restrict consideration to only direct research
means that the research stock, as calculated, will largely
describe research taking place in manufacturing. Chapter
WV, which includes some tentative estimates of the research
stock in the manufacturing and nonmanufacturing sec-
tors, illustrates how strongly research conducted in
manufacturing dominates the corresponding figures for
the nonfarm business sector.




Chapter lll. Prior Evidence
on Specific Issues

An extremely wide variety of specific issues must be
addressed before the procedures outlined in chapter I1
can be used to calculate an R&D capital stock and to
determine the impact of R&D on productivity growth. The
main matters of concern are:

Lags, What is the lag between research expenditures
and their effect on productivity growth?

Depreciation. Does the research stock depreciate and,
if s0, how fast?

The R&D deflator. How should r&D expenditures be
deflated?

Basic vs. applied research. Should the research stock
include expenditures on both basic and applied research?
Should these two components be treated similarly?

Federal Government vs. privately financed research.
Should the stock include both federally financed and
privately financed research conducted in industry?

Product vs. process research. Should expenditures on
new or improved products be included as well as expend-
itures on new industrial processes?

The impact of the R&D stock on productivity. What
contribution does a given increase in the research stock
make towards productivity growth?

Changes in the return to research over time. Does the
rate of return to a unit of the R&D stock decline over
time?

This chapter examines the evidence that the relevant
economics literature brings to bear on each of these issues,
Each of the eight topics outlined above is considered in
turn.!

For each of these eight matters, a single basic assump-
tion is selected for use in the primary measures of the

! A further issue is whether foreign research investment should be
incloded. Clearly, as foreign technological levels have approached ULS.
levels and as American multinational corporations have conducted more
research abroad, foreign kaD has become more relevant 1o U.S. firms.
However, the relative weight to be anached to a unit of foreign research
and how this may have changed over time are unclear.

research stock and its effect on productivity developed
in chapter V. However, for most of these issues, there
is no definitive evidence on which specific assumption
should be made. Therefore, the discussion in this chapter
also considers plausible alternative assumptions: subse-
quently, chapter VI uses each of these alternatives in con-
structing other possible variants of the research stock and
evaluating their impact on productivity growth. For
clarity, the conclusion of each subsection lists the rele-
vant central assumption made in the main series and each
alternative considered in chapter VI.

The lag between research and productivity growth

Ome of the fundamental issues which must be addressed
is the lag between research expenditures and their effect
on productivity. Much research takes a half year or more
to conduct, and also must be put into operation through
the preparation and startup of manufacturing and mar-
keting facilities before it has an effect on productivity
(Mansfield et al., 1971).

Mot very much is yet known about this lag, although
there have been several empirical attempts to measure it.
One is Evenson’s study (1968) using agricultural data,
which fits an inverted V lag (in which the impact first
increases, then decreases) and comes to the conclusion
that the maximum effect occurs after 5 to 8 years, with
the total effect dying out after 10 to 16 years. Evenson
(1978) provided more recent estimates of the relevant lag
structure in agriculture. In industry, Terleckyj (1982a)
assumed a 3-year lag for private r&D. Pakes and
Schankerman (1984) review evidence on the lag between
R&D spending and the beginning of the associated
revenue stream, and suggest that typical results take about
2 years. Other studies of the effect of private or publicly
financed research suggest considerably greater time lags
may be involved (Terleckyj, 1982b; Levy and Terlecky]j,
1983).

More generally, Mansfield’s broad work on the adop-
tion and diffusion of innovation contributes to an
understanding of the lag in the effect of research. Lags
of 10, 15, or 20 years in the adoption of innovations
appear to be fairly frequent. Consequently, one should
expect that the full effect of R&D appears only with a very
considerable lag. In particular, the lags associated with
the purchase of research-intensive capital and materials




from other sectors can be expected to be especially
lengthy.

Considerable work has been done on the related topic
of the lag between research performance and observed
corporate profits. Branch (1974) defined resecarch as
patent applications (corrected for patent office delays)
and found the maximum effects to be between 2 and 3
years. However, because there is a lag between research
expenditures and patent applications (Pakes and Griliches
(1984b) estimate this is 1.6 years), the true lag between
research expenditures and profits is probably greater.
Ravenscraft and Scherer (1982) reported that the lag be-
tween research expenditures and maximum profits was
4 to 6 years. This seems a more plausible estimate,

The research-profit lag clearly does not coincide with
the research-productivity lag.? Nevertheless, in the typ-
ical scheme of events, innovations provide new profits
as a product is introduced and sales increase; later on,
as imitation proceeds, the innovator’s sales growth slows
down and profits decline. In this interpretation, imita-
tion brings about a profit decline at a time when produc-
tivity is still increasing because new producers are still
adopting the innovation.

Basic research is defined as research directed purely at
the creation of new knowledge, whereas applied research
or development is work conducted with a commercial
aim. Clearly, basic research conducted within scientific
disciplines such as physics, biclogy, or mathematics
affects production in a much more long-range way than
applied work. No specific information is available on the
lag between the performance of basic research and the
time at which these expenditures have an effect on pro-
ductivity. However, the lags involved are likely to be far
greater than those associated with applied research.’

In the measures prepared in chapter V, we select a lag
between research performance and initial effect on pro-
ductivity. This lag clearly is less than the lag between
research performance and maximum effect, which most
of the studies cited above consider.

The preferred measures presented in chapter V are
based on initial lags of 2 years for applied research and
5 years for basic research in industry. The 2-year span is

% The research-profit and research-productivity lags differ because
research leads to higher productivity and greater profits, but the profits
tend to erode while the productivity remains. Therefore, the research-
profit lag in a sense provides lower bound estimates of the research-
productivity lag.

¥ Some case-study information on the lag between the conception of
an innovation and jts first realization is contained in Battelle Columbus
Laboratorics (1973) and other references contained in that study. The
average lag from initial conception reported there is 19 years. Lags from
the time in which the initial basic science is conducted are apt 1o be
longer.

Levin, Cohen, and Mowery {1985) describe very useful data which
may eventually be able to provide a fuller understanding of the rela-
tionship between the extent 1o which different industries rely on the
various fields of science and their observed productivity growth.

comparable to that used in Terleckyj’s (1982a) calcula-
tions of industrial R&D stocks, which are based upon 2-
or 3-year lags. The 5-year span for basic research is
selected as a substantially longer time period.

The R&D stocks presented in chapter V make specific
assumptions concerning the lag between research expend-
itures and productivity growth. These assumptions are
consistent with the lags utilized in previous work. Fur-
thermore, the sensitivity analysis conducted in chapter
Y1 shows that changes in the lag have relatively little effect
on the implied contribution of R&D to productivity
growth. In addition, since the raw data on annual
research expenditures and the corresponding deflator are
reported in chapter V, interested investigators will be able
to examine the impact of alternative assumptions.

Because there are many different influences on produc-
tivity, including the business cycle and a host of other
factors, it would be unwise to attempt to determine the
lag from time-series data on research and productivity
in only a single context, such as in the nonfarm business
sector or in manufacturing. Detailed micro data,
including many observations in many different contexts,
will be necessary before any reliable lag patterns can be
established. Therefore, this report makes no attempt to
determine the research stock-productivity effect lag from
major sector data.

Summary: A 2-year lag between research expenditures
and productivity is used as the preferred measure for
applied research, and a 5-year lag is used for basic
research. For applied research, lags of I and 3 years are
considered as alternatives.

Depreciation

Selection of the rate of depreciation of the research
capital stock involves major conceptual and empirical
problems. Over time, investments in R&D depreciate in
the sense that they are no longer able to contribute as
much to production. For most assets, the depreciation
which occurs over time reflects elements of both physical
decay and obsolescence. For R&D, physical decay is prob-
ably minimal, but obsolescence, which occurs because
methods based upon recent research typically displace
older techniques which rely upon research conducted
years ago, or because investments in older research are
no longer relevant under current circumstances, 15 likely
to be substantial. As an example of research which is no
longer relevant, much research on energy or petrochem-
icals conducted prior to 1973 is probably no longer able
to make a relevant contribution to production now that
oil prices are higher than $10 dollars per barrel.

On an empirical level, further important issues arise
in determining an accurate version of depreciation. These
involve both selecting the appropriate research lifetime
and choosing the correct pattern (such as geometric,



hyperbolic, or one-hoss-shay) and rate of depreciation.*
Unfortunately, no work on research depreciation as com-
prehensive as the highly detailed Hulten-Wykoff (1981)
study of physical capital depreciation (one of the studies
that the Bureau used in its work on the capital stock) has
ever been conducted. Therefore, there is no conclusive
or even reliable evidence to guide the selection of the
appropriate shape and speed of the depreciation of rR&D
investment. In the absence of any decisive empirical
evidence, it is useful to examine how varions empirical
studies have treated the depreciation of the R&D stock.

Griliches (1980a) approaches the depreciation problem
by assuming zero percent, 10 percent, and 20 percent
(presumably geometric rates) as alternative annual rates
of depreciation. Research capital stocks are then calcu-
lated under each assumption. Terleckyj (1982a) assumes
no research depreciation under ome variant and, alter-
natively, lives of 5 years for own-research and 7 years
for research obtained indirectly from other indusiries.
Terlecky] uses straight-line depreciation in these calcula-
tions. These two variants are intended to be extreme
values, alternatively assuming very slow and very fast
research depreciation.?

Terleckyj (1982a) pointed out that the most reasonable
results occurred in his productivity regressions when
research depreciation was set at zero. Griliches and
Lichtenberg (1984b) report further evidence which sup-
ports the no-depreciation assumption. On the other hand,
Pakes and Schankerman (1984) find that investments in
research depreciate quite rapidly (in the neighborhood of
20 or 30 percent) within individual firms.

One further observation supports the assumption of
zero depreciation. A fixed annual research investment,
such as funding a 10-person laboratory, probably
represents a constant annual amount of real research
investment using typical R&D deflators. Because annual
real research investment is constant, if depreciation is
positive, eventually the implied research stock contributed
by this laboratory stops increasing and becomes constant.

* These terms refer 1o alternative mathematical functions describing
the time path of depreciation. The geometric decay version assumes
a constant rate of depreciation each year. The hyperbolic function per-
mits different rates of decay to occur in different years, including the
possibility of slow decay in earlier years and more rapid decay in later
years. The one-hoss-shay pattern assumes that, like the legendary car-
riage, there is no decay at all; the asset in question retains its full pro-
ductivity until it eventually collapses and is totally unusable at the end
of its lifetime. 815, after careful consideration of available evidence,
adopted the hyperbolic function for its work on capital stocks. For a
formal statement of the hyperbolic function, see U.S. Department of
Labor {1983), appendix C.

*King and Fullerton (1984, p. 29) consider the conditions under
which straight-line depreciation provides a present value equivalent to
exponential {geometric) depreciation. They show that straight-line
depreciation over L years is approximately equivalent to geometric
depreciation at the rate of 2/L. Therefore, the Terlecky) assumption
of asset lives of 5 or 7 years is approximately equivalent 10 geometric
rates of d:p:etiat.ion of 2% to 40 percent.

This implies that eventually the laboratory makes no
further contribution to productivity growth. In reality,
however, a laboratory of fixed size is likely to continue
making new and useful contributions to productivity
growth, in part becaunse the cumulative nature of science
ensures that later scientific work is likely to represent an
improvement over prior work using comparable resources
(Sveikauskas, 1981).

On the other hand, it is undeniably true that with the
passage of time some portion of research is typically no
longer able to contribute to output and productivity. On
balance, in view of these conflicting considerations, a 10-
percent geometric depreciation rate is adopted as the
primary assumption for the research stock measures. In
addition, depreciation rates of zero percent and 20 per-
cent geometric decay are selected as alternatives.®

As in the case of lags, it is difficult to determine
depreciation parameters from industry or major sector
data, because reliable data are available for only a few
sectors. Detailed micro evidence will eventually be
necessary to address the lag and depreciation problems,
as proved to be the sitvation in the case of capital. The
Griliches data base prepared for a study financed by the
National Science Foundation included data on research
by 490 firms in 1970 and B00 or more in subsequent years.
Such richly detailed evidence, which includes some firms
in which research spending is expanding very rapidly and
others in which it is stable, will be useful in addressing
the interrelated questions of depreciation and lags.”

Summary: Ten percent geometric depreciation is used
Jfor applied research in the central measure; zero deprecia-
tion and 20 percent geomelric depreciation are used as
alternatives. Basic research is assumed not to depreciate.

The R&D deflator

The r&D deflator is one of the major problems to be

% Geometric decay is adopted in the present study because this is a
particularly simple form and has frequenily been adopted in RaD
studies. The data required to test the validity of several alernative forms
of decay do not exist. On the other hand, much better data exist on
the price of depreciating capital assets. The 15 study of capital stocks
reviewed evidence on this matter and concluded that hyperbolic decay
most closely approximaied the actual decay of capital assets (U.5.
Department of Labor, 1983). The Bureau therefore will continue to use
hyperbolic decay functions in its work on capital assets.

71t may be possible to wse portions of the Griliches firm data to
examine the depreciation and lag issues. However, such analysis will
not be easy. The reader should be aware that a detailed study of 133
firms (Griliches and Mairesse, 1984) which was specifically planned 1o
examine the effects of various ways of defining and measuring physical
and rRaD capital (p. 347) was not able 1o establish definitive estimates
of the magnitude of depreciation and lag effects (pp. 372-373). In addi-
tion, depreciation at the firm level is not necessarily the same as at the
industry level. Under certain circumstances, research may no longer
contribute to a firm"s productivity growth, but may still be contributing
to industry productivity growth through other firms. Appendix A pro-
vides Farther information on the depreciation issue.




considered in developing measures of the research capital
stock. The National Science Foundation currently utilizes
the GNP deflator to deflate research expenditures into real
terms. However, it is widely recognized that this pro-
cedure is highly guestionable. In particular, empirical
evidence indicates that the price of scientific inputs has
generally increased more rapidly than the GNP deflator
(Mansfield, Romeo, and Switzer, 1983). Therefore,
use of the GNP deflator may introduce considerable
bias.

Griliches (1979) refers to several attempts to construct
a deflator for specifically technological expenditures, but
also points out the serious limitations of these attempts.
Since the Griliches article was published, two further
noteworthy studies have addressed the deflator issue.

First is the study by Goldberg (1979). He created a
deflator based on substantial input detail for 14 manufac-
turing industries. The indexes cover years from 1956 to
1975. Many of the data series underlying these esti-
mates, for example the compensation for Engineer Y and
Draftsman II, are produced by the Bureau of Labor
Statistics.

Goldberg's work leads to two main conclusions. First,
R&D prices increased faster than the GNP deflator from
1956 to 1967, but in 1967-75 increases in the two price
series were roughly similar, and in fact the GNP deflator
went up slightly more. For example, in chemicals, the
R&D deflator increased from 70 in 1956 to 100 in 1967
and 158 in 1975. In contrast, the GNP deflator increased
from B0 in 1956 to 100 in 1967 and 160 in 1975, Second,
Goldberg found that r&D prices went up roughly the
same amount in all industries.

Counter to the grain of previous conclusions, the
Goldberg evidence is supportive of the use of the GNP
deflator to deflate rR&D. First, evidence on the rate of
price inflation is mixed, with R&D costs increasing
substantially faster than the GNP deflator in one period
and slightly less in another. In addition, Goldberg's data
are substantially less reliable for 1956-62, so part of the
1956-67 discrepancy can be discounted. In the period with
better data, from 1962 to 1975, the R&D price index
increased 73 percent whereas the GNP deflator increased
71 percent, almost the same. Second, Goldberg’s results
show that R&D prices increased at roughly the same rate
in all industries, which supports the notion of using a
common R&D deflator, such as the GNP deflator, for all
individual industries.

Work conducted by Mansfield (1982) and Mansfield,
Romeo, and Switzer (1983) represents a further impor-
tant advance towards a more accurate measure of the
R&D deflator. The Mansfield data show that R&D costs
increased considerably faster than the GNP deflator for
1969-79. Overall, the GNP deflator increased by 88 per-
cent from 1969 to 1979, whereas the R&D cost increase
was 98 percent. Such an increase in the deflator means
that if the Mansfield cost estimates are used to deflate

R&D instead of the GNP deflator, most of the apparent
increase in R&D spending disappears for the Mansfield
sample of industries in the 1970°s. Mansfield, Romeo,
and Switzer also cite an OECD study which showed that
in all ten countries considered (Japan, Canada, and eight
European countries), the R&D deflator increased more
rapidly than the GDP (gross domestic product) deflator.
Finally, Mansfield’s results indicate that in 1969-79 rap
costs increased at different rates in various industries,
from 83 percent in electrical equipment to 122 percent
in chemicals and petroleum to 148 percent in fabricated
metal products. More recent work on the research
deflator in 12 industries between 1969 and 1983 sug-
gests similar patterns; in particular, increases in the price
of R&D diverge widely between industries (Mansfield,
1985).

The Mansfield results differ from Goldberg’s in several
respects. First, they suggest a sharper divergence between
R&D costs and the GNP deflator in the late 1960°s and
early 1970°s. Second, they suggest considerably wider
variability in industry trends than the Goldberg data.
Mansfield’s results are probably more soundly based than
Goldberg’s because they rely on actual cost data collected
from firms conducting R&D, which is preferable to
assuming that published price trends on certain items used
in R&D can provide a good indication of research cost
trends.

In summary, the weight of the evidence indicates that
R&D costs increase more rapidly than the GNP deflator.
This difference should certainly be accounted for in any
measure of the R&D stock.

Griliches (1984), following earlier work by Jaffe, sug-
gests that a weighted index of 49 percent of hourly com-
pensation and 51 percent of the implicit deflator, both
in the nonfinancial corporations sector, approximates the
1969-79 Mansfield results fairly well. Appendix D of the
present study describes the calculation of a 1921-87
deflator based on this Jaffe-Griliches concept. This study
adopts these measures as the central deflator for R&D
expenditures. However, the GNP deflator presently used
by the MNational Science Foundation is used in an alter-
native set of calculations in chapter VI.

As mentioned above, the Jaffe-Griliches deflator is
based on data for nonfinancial corporations. However,
because actual information on prices and costs in this sec-
tor is only available from 1958 onwards, considerable
work has been required to estimate nonfinancial corpora-
tions’ prices and costs between 1921 and 1957. As appen-
dix D describes, 1947-57 nonfinancial corporations’ prices
and costs were estimated on the basis of the 1958-87 rela-
tionship between price and cost indexes in the non-
financial corporations sector and their counterpartis in
nonfarm business. Subsequently, the 1947-87 relationship
between the Jaffe-Grliches deflator and the GNP deflator
was used to estimate 1921-46 values of the Jaffe-Griliches
deflator.




The estimates of the Jaffe-Griliches deflator con-
structed in this way probably provide a reasonable
measure of long-term trends in the national price of R&D.
However, Mansfield (1985) has shown that, although the
Jaffe-Griliches deflator described actual research costs
from 1969 to 1979 well, this measure somewhat under-
estimated the actual 1979-83 increase in the price of
research.

Summary: The Jaffe-Griliches deflator based on
nonfinancial corporations data is used in the preferred
measure, The GNP deflator is used in an alternative
measure.

Basic vs. applied research

The main issue to be addressed here is whether
investments in both basic and applied research should be
included in the research stock and, if so, how they should
be combined. The first work on these questions was con-
ducted by Mansfield (1980). The central evidence is that
basic research has a strong influence on productivity
growth; in fact, in regressions which include both
variables, the basic research variable typically dominates
applied research as an influence on productivity. Of
course, since basic research represents only about 3 per-
cent of industrial research expenditures, this does not
mean that only basic research is important. More likely,
the presence of basic research permits applied research
to be more deeply and soundly based and therefore results
in higher overall returns. More recently, Griliches (1986)
also reported that basic research has considerably stronger
effects on productivity growth than applied research on
the basis of an analysis of firm data.

In view of the evidence, basic research expenditures
should clearly be included in the r&D stocks. On the
other hand, the mechanisms and connections underlying
the high'returns Mansfield and Griliches report for basic
research have not yet been definitively established. The
stocks reported here therefore assume the rate of returmn
is the same for both basic and applied research. On the
issues of lags and depreciation, basic research clearly
requires a longer time lag until it takes effect than applied
research does, and is less likely to suffer from deprecia-
tion. Therefore, separate accounts are kept for basic and
applied research, so that lags and depreciation can be
treated differently within each category.

Finally, the total overall research stock is obtained by
adding the basic and applied research stocks. More com-
plex methods of aggregation, such as the Tornguist
method of aggregation frequently used in preparing BLS
measures of capital input, typically weight each sub-
category of factor input by its price. However, in the
central calculations reported in this bulletin, basic
and applied research stocks are each assumed to have
the same price (the return of 30 percent), so Tornguist

10

aggregation leads to the same result as the addition of
the basic plus applied research stocks.?

Summary: Basic and applied research stocks are calcu-
lated separately and then added for the preferred meas-
ure; no alternative is considered.

Federal Government vs. privately financed research

The main question to be addressed here is whether the
research stock appropriate to productivity growth should
contain federally financed research conducted in industry
or only privately financed expenditures.

The central evidence on this topic, which is due to
Leonard (1971), is that federally financed research con-
ducted in industry has no effect or very little effect on
private sector productivity. Some studies have occa-
sionally found a partial and incomplete positive impact
of government-sponsored research, but the far more
dominant pattern is that federally financed expenditures
have no discernible effect on productivity growth
(Terleckyj, 1982a),

The evidence that government-financed research has
little effect basically arises from interindustry productivity
regressions. However, several studies conducted at the
firm level have found that federally financed research
does have a positive impact. Griliches (1979; 1980a) shows
that, within data on a large number of firms, total rR&D
explains productivity trends better (in the sense of a lower
standard error of estimate and larger coefficient of deter-
mination) than privately financed research does. Griliches
(1986) also reports, using firm data for the 1970°s, that
privately financed research has a larger coefficient than
federally financed research, but that the latter still has
a positive effect.

Some evidence indicates that at the aggregate level
federally financed R&D also has a direct effect on private
sector productivity (Levy and Terleckyj, 1983). However,
the effect is not large (0.065 in one estimate as opposed
to a 0.258 return to private research investment). In addi-
tion, this conclusion is not very robust, since it does not
occur in several alternative specifications.

¥ Assume that the aggregation of basic research stocks and applied
research stocks is given by

o, B/B + o, ASA @
inwh&chahandu_amsharuo{dmmtalrmhshm,ﬂiuheb:ﬁ:

research stock, and A is the applied research stock. Then, (a) is equiva-
lent to:

p.B/(p,A + B B/B + pA/RA + pB) A/A ®

in which p, and p_ are the prices for basic and applied research. Since
P, = Py, in the present application, expression (b) becomes:

BAA + B) B/B + A/A + B) A/A
which is also:
BAA + B) + A7/(A + B) = (B + AV(A + B) (d)

an expression which is equivalent to the rate of growth of the total
research stock, as obtained by simply adding the basic and applied
research stock.

[(d]



Because the industry results are based on a larger
number of studies, and because the Bureau plans to
develop industry measures of the R&D stock consistent
with the national measures presented here, we have
chosen to emphasize the evidence from the industry
analysis and include only privately financed research in
the preferred rR&D stocks. However, an alternative meas-
ure is also constructed which includes 20 percent of
federally financed research expenditures conducted in
industry; this weight is approximately consistent with the
results reported by Griliches. The sensitivity analysis con-
ducted in chapter VI shows that the main conclusions are
not greatly altered if one-fifth of the federally financed
R&D conducted in industry is assumed to influence pro-
ductivity growth.

Studies which have attempted to see if government
research stimulates private research generally find some
effect but not an extremely strong one (Goldberg, 1979).
Levy and Terleckyj (1983) summarize evidence on this
issue. Mansfield (1984) also emphasizes the idea that
federally financed research makes its contribution funda-
mentally by stimulating privately funded research. More
recently, Lichtenberg (1986) considered the possibility
that federally financed research stimulated private
research spending through the competition for Federal
research contracts. His results suggested that this mech-
anism accounted for almost half of the increase in
privately financed research spending from 1979 to 1984;
of course, federally financed military research expen-
ditures grew at an unusually rapid rate over this period.

The relatively slight productivity contribution from
government-funded research is somewhat surprising in
view of the important role that government-financed
research has played in such prominent areas as the com-
puter, jet aircraft, modern airplanes, and radar. Never-
theless, the notion that government research has relatively
little direct civilian spillover is fairly widely accepted.
Experience with government-financed research programs
in the 1970"s provides further support for such a view-
point (Piekarz, 1983).%

Summary: The preferred measure contains only
research financed by industry. The alternative measure
gives federally financed research conducted in industry
a weight of 20 cents on the dolfar.

Product vs. process research

Any attempt to create research stocks must face the
possibility that research conducted on new processes (new
methods of production) affects productivity directly,
whereas research on new products shows up less strongly

* More generally, Nelson (1982) and Gray, Solomon, and Hetzner
(1986) have conducted broad reviews of the evidence concerning the
effectiveness of Federal and State and local government attempts 10
aid in the development of new technology.

or in other sectors as part of the diffusion of technol-
ogy. For example, a rearrangement of machinery to
reduce production costs is a process innovation, whereas
a new toaster is a product innovation. If these different
types of research affect production in different ways,
perhaps separate process and product research stocks
should be prepared.”

Several studies have examined this issue. The first is
the Link (1982) analysis of firm productivity growth over
a rather brief time period, 1974 to 1978. In this sample,
total research did not significantly affect productivity
growih. However, when product and process R&D were
split, the coefficient of new product R&D remained
insignificant, but new process R&D was significant.?
Comparable results occurred when dummies allowed for
broad overall industry differences in research intensity.

The second study which addresses the product/process
issue is Scherer {1982b). Research and development is
divided into R&D provided to other vsers as new prod-
ucts and R&D consumed by an industry, which includes
both its own new process spending and the purchase of
research embodied in purchases from other sectors. The
data base was constructed through a highly detailed study
of patents.”? It was expected that research on new prod-
ucts would not affect an industry’s observed productivity
growth, but that research used in an industry would have
a positive impact. Contrary to these expectations,
however, Scherer found (in the broadest sample he con-
sidered) that research on new products sometimes did
have a positive effect on productivity growth, The coef-
ficient for research used in an industry was, as expected,
positive. However, when research used in an industry was
divided into one’s own process R&D and research con-
ducted elsewhere, as in the case of the purchase of new
machinery, the coefficient for own process R&D was not
significant at conventional levels, although the coefficient
approached significance in two of the three regressions
reported.??

In a third study, Terleckyj (1982a) reported that
research conducted in an industry had an effect on the
industry’s own productivity only when the research stock
was limited to process R&D.

The fourth study is a more disaggregate application of
Scherer’s data on the product and process R&D conducted
in each industry {Griliches and Lichtenberg, 1984a). This

9 as Griliches (1979) indicates, whether map conducted in an
industry shows up in the producing industry or the consuming indusiry
depends on whether the relevant price indexes capture the quality change
which occurs in the research-performing industry’s output. This prob-
lem is particularly severe in the case of the dynamic technological change
which often occurs in industries with a high research/sales ratio.

1! The coefficient for total research was 0.046 with a t ratio of 1.31.
The coefficient for new product rap was 0.014 with a 1 ratio of 0.50,
and that for new process Rap was 0.219 with a t ratio of 1.73.

12 Scherer (1982a) describes these data development procedures in
detail.

1 These t ratios were 1.60 and 1.49.



study showed that own process and own product research
each had significant positive effects in two of the three
time periods considered. These results, therefore, suggest
that new product research does affect productivity in the
originating industry. On the other hand, the return to
process research averaged 58 percent over the three time
periods, whereas the return to new product research was
only 18 percent.

The different studies on the relative importance of prod-
uct versus process research do not reach any consistent
conclusion. However, since the Griliches-Lichtenberg
study covered the most comprehensive sample, all manu-
facturing using rather detailed data, their results are the
most convincing. Product research probably has a positive,
though a lesser, return. Further empirical work on this
topic would certainly be useful,

It is important to note that Griliches and Lichtenberg
generally find a positive effect for an industry’s new prod-
uct research. This conclusion differs from the theoretical
perspective adopted by Link and Scherer, who expect that
an industry’s product research will not contribute directly
to its own productivity and that all its research impact
will be indirect. Since most research is conducted on new
products (Scherer, 1984), a measure of the direct first-
round impact of research would not be very useful if new
product rescarch had no such effect. In contrast, the
Griliches-Lichtenberg result implies that new product
research should be included in a study of the direct effect
of R&D on productivity.

On balance, the evidence cited above shows that it
would be useful to distinguish between product and proc-
ess R&D and perhaps allow for a relatively greater direct
rate of return to process research. However, because of
the difficulties involved in obtaining reliable data on these
different components of research, the present work does
not make this distinction.

The major potential source of information on the prod-
uct and process components of research is the Survey of
Business Plans for Research and Development conducted
by the Economics Department of the McGraw-Hill Com-
pany. From 1974 to 1983, McGraw-Hill asked respondents
to report what percentage of their total research spending
is on new products, new processes, and the improvement
of existing products.™ The percentage distributions for
total manufacturing in selected years are as follows:

1974 1978 ]930 983
MNew products ......cccovvemmanes 15 M4 N 4
New processes .......cveemenenes 14 24 19 19
Improvement of existing products . 50 42 44 38

McGraw-Hill also reports similar data on the percent-
age of new process spending for each two-digit manufac-
turing industry, but these data are on the basis of which

™ Prior to 1974, the McGraw-Hill survey asked whether the majority
of a respondent’s rab was conducted on product or process research,
rather than for a specific peroentage breakdown.
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industry each company is classified in, rather than by
product field. These detailed data also are available only
from 1974. In addition, the May 1985 and May 1986 ver-
sions of the McGraw-Hill survey, which report informa-
tion for 1984 and 1985, no longer contain data on the
proportions of research investment contained within each
of these categories for each industry. Since the data are
available for only a few years, they are not sufficient to
justify any attempt to create separate stocks of product
and process research.

Finally, the most important development in this area
is the data on total national product and process R&D
published by the National Science Foundation. However,
since this series began only in 1979, these data are also,
at present, not very helpful in constructing R&D stocks.

Summary: The central measure contains both product
and process research. No alternative is considered.

The impact of the r&D stock on productivity

This section examines empirical evidence on the impact
of raD on productivity growth, particularly the produc-
tivity benefit directly obtained by the industry or firm
undertaking research investment. The discussion summa-

' rizes econometric evidence on the productivity impact of

research in 13 studies. (The next subsection considers the
related issue of whether the effectiveness of R&D has de-
clined over time.) Many of the studies discussed here call
the impact which research has on productivity growth the
rate of return; however, the present study sometimes calls
this same concept the productivity impact to avoid confu-
sion with the particular sense in which the term rate of
return or internal rate of return has typically been used
in the capital service price literature. Appendix A dis-
cusses these issues of terminology somewhat more
extensively.

In the earliest published study of the contribution of
R&D to productivity growth in manufacturing (Griliches,
1973), the productivity impact of research (the coefficient
of research intensity in a regression explaining produc-
tivity growth) was found to be 40 percent within 85
industries in manufacturing. An alternative version,
which did not rely on questionable book-value measures
of the capital stock, suggested a 32-percent impact.

Terleckyi (1974) concludes that the direct impact is
approximately 30 percent in manufacturing. However,
there was no evidence of a positive effect outside
manufacturing.

The Mansfield et al. (1977) study is fundamentally dif-
ferent from the other studies mentioned here since it
calculated the actual rate of return to a number of
individual R&D projects rather than econometrically
estimating a rate of return from firm or industry data.
Because the Mansfield estimates are calculated directly,
they are not subject to a variety of potential biases which
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might affect the econometric evidence and therefore are
a very useful supplement to the econometric studies, The
Mansfield study reported that the median private rate of
return was 25 percent and the median social rate of return
was 56 percent for a sample of 17 innovations.

Griliches (1980a) reports a direct impact of 30 to 40
percent in most industries, except for some sectors
in which federally financed research was especially
important.

Griliches (1980b) shows that the effect of research was
fairly high in 1959-77 if no other variables were included,
but lower when other influences were included. He also
found that the 1969-77 influence was much lower than
the 1959-68 estimate.

Mansfield (1980) showed that the measured rate of
return was typically considerably greater for basic re-
search than for applied research within both industry and
firm data. Within firm data, the rate of return to all
research, including both basic and applied research, was
28 percent.

Sveikauskas (1981) reported a direct impact in the
neighborhood of 20 to 30 percent, which, however,
declined to 10 to 20 percent when indirect research (R&D
embodied in capital or materials purchased from other
sectors) was also included.

Terleckyj (1982a) reported an insignificant direct
impact for research in the 1970's, which became signif-
icantly positive when attention was limited to the indus-
try’s own process research.

Scherer (1982b) also found a significant positive direct
influence before the 1970"s but insignificant effects in the
1970°s. The most comprehensive of his detailed industry
regressions for the 1970°s showed a coefficient of 0.29

for exported R&D (research eventually used by other sec-
tors) and 0.74 for imported and own process R&D.Y
However, other samples showed insignificant effects for
R&D exported through product sales.

Griliches and Lichtenberg (1984a) reported significant
positive coefficients for an industry’s own process plus
product research. The average value of this coefficient
was about 0.24 for the three periods considered. In other
work, they found a 0.09 to 0.33 return to research invest-
ment (Griliches and Lichtenberg, 1984b). Clark and
Griliches (1984) found research returns in the neighbor-
hood of 18 to 20 percent in a study of divisional data of
large firms. Finally, the rate-of-return estimates in
Griliches (1986), though they are rather difficult to com-
pare with prior estimates because they include a premium
for basic research and company-financed research, sug-
gest overall returns in the range of 30 to 60 percent.

Table 1 summarizes some of the main characteristics
of each of these studies, such as whether they deal with
industry or firm data, or use a gross output or value
added definition of output.

On the basis of the evidence summarized here, this
study adopts the assumption that the direct impact of
research is 30 percent. Since most of the evidence cited
above refers to industry data, this estimate reflects both
private returns to firms and the externalities accruing to
firms within the same industry. There are studies which

¥ These regressions analyzed labor productivity growth in terms of
the growth in the capital-labor ratio and kab intensity in a sample of
81 industries, using 1973-78 labor productivity data from the Burean
of Labor Statistics. Scherer constructed the raD variables on the basis
of a highly detailed analysis of the Federal Trade Commission Line of
Business data.

Table 1. Central characteristics of the main studies of the contribution of research and development to productivity

oy 5 — = o

Griliches (1973) Indusiries Ona Value added No

Terleckyj (1974) Inchustries One Value added Yes
Manzfield et al. (197T) Specific R&AD projects | Many Firm increases in revenue Yes, social returns
Griliches {1980a) Firmsa Marny Value added; gross outpul No

Griliches {1980b) Inchugtries Mamny Gross oultput No

Mansfield (1580 Industries and firms One Valua added For industries
Sveikauskas (1981} Industries Cne Gross oulput Yes

Terkecky] (1582a) Irnchugtries Many Valve added Ties

Scherer (19820) Industries Ona Gross output Yes
Griliches-Lichtenberg (1584a) Industries Oy Gross output Yes
Griliches-Lichlenberg {1584b) Industries Many Gross output No
Clark-Griliches {1984) Divisions. of firms Many Gross outpul MNo

Griliches {1986) Firms Marry Value added; gross output Mo

13



show lesser effects, particularly in the 1970°s, and many
studies which show stronger influences. However, the 30-
percent estimate is fairly well supported. Appendix A pro-
vides further information on many other issues relevant
to understanding the impact of research and development
on productivity growth.

Summary: The central measures assurnes a real return
of 30 percent. No alternative rate is considered.

Changes in the return to research over time

A few years ago, there was a general impression that
the productivity impact of research had declined radically
in the 1970's, contributing to the productivity slowdown
(Griliches, 1980b). Now, it seems clear that the impact
of research did not decline in the 1970"s (Griliches and
Lichtenberg, 1984b; Clark and Griliches, 1984; Griliches,
1986). The problem appears to be that earlier conclusions
were based on two-digit productivity data, which cover
too small a number of industries and aggregate dissimilar
production processes.

Ravenscraft and Scherer (1982) and Scherer (1983)
report evidence from profits data that the return to R&D
was abnormally low in cross-sections for 1970, 1971, and
1975, but recovered in the late 1970°s. Such results sug-
gest that, although there was a positive return to R&D in
the 19707z, the overall return during this period may have
been smaller than usual. Consistent with such a perspec-
tive, the early 1970°s was also a period in which increases
in private R&D spending were relatively slight. For exam-
ple, constant-dollar privately financed industrial raD
expenditures increased from $26.19 billion in 1969 to only
$26.26 billion in 1972 and $27.54 billion in 1975.

Kendrnick (1979) estimated the effect of research on pro-
ductivity growth assuming returns of 50 percent for 1948-
66, 45 percent in 1966-73, and 40 percent in 1973-78.
These figures were chosen because they reflected observed
trends in the return to capital. Not enough information
was then available to judge the realism of such assumed
reductions in the productivity contribution of research.
Similarly, the available cross-section production function
estimates of the return to research were not precise or

14

detailed enough to show how the return varied over dif-
ferent short time periods.

More recently, however, considerable work has been
done on changes in the impact of research over time,
Griliches and Lichtenberg (1984b) studied data for manu-
facturing. To reduce cyclical effects, they divided the data
into time periods, over which they averaged. For exam-
ple, the first period studied was 1959-63 to 1964-68; the
last, 1969-73 to 1974-76. In addition, Clark and Griliches
(1984) studied data from the PIMS project, a Harvard
Business School project which contains data for divisions
of major corporations; they tested for the possibility of
a change in the RaD coefficient over time in the 1970%s.
Both studies found the impact of R&D held up rather well
in the 1970°s. Another study by Griliches and Lichtenberg
(1984a) also pointed in the same direction. In addition,
Griliches (1986) found no decline in the return to research
in an analysis of firm data from 1967 to 1977. All the
studies mentioned in this paragraph are based on much
more detailed data than prior work on changes in the rate
of return over time.

Further work on changes in the rate of return to re-
search over time was conducted for this study. The
evidence is reported in appendix B of this bulletin and
essentially supports the studies cited above in concluding
that the return to research held up fairly well in the
1970°s.

In contrast, Mansfield (1979) suggested, on the basis
of an analysis of firm data and on the judgment of R&D
managers, that the rate of return to research may have
declined in the 1970"s. This conclusion is based on less
comprehensive data than in the later studies.

The preponderance of the detailed evidence so far
shows no reduction in the return to research over time.
The preferred measure therefore assumes no decline in
the rate of return. However, an alternative measure per-
mits the impact of research to decline.

Summary: The preferred measure assumes the produc-
tivity impact of research is constant over time. The alter-
native measure assumes g decline from 30 percent in 1967
to 16.67 percent in 1987, a decline of 0.67 percent per
year.




Chapter IV. Data Availability

Data on 1953-87 research expenditures in the nonfarm
business economy are obtainable from National Science
Foundation publications.! The annual data are available
from the yearly volumes of Research and Development
in Industry.? In addition, the National Science Founda-
tion has published summaries of the relevant time-series
data in National Patterns of Science and Technology
Resources.

However, it is difficult to obtain data for sectors other
than the nonfarm business economy. In particular, it is
difficult to partition data for the nonfarm business sec-
tor into its manufacturing and nonmanufacturing com-
ponents. Similarly, substantial problems arise in deter-
mining a research series for agriculture.

Before proceeding to a discussion of these specific data
issues, however, it is useful to provide some background
information on the data available on rR&D expenditures.
The available data contain two different types of infor-
mation. One type classifies annual R&D expenditures by
industry of performance. Each company is classified into
a specific industry, and all research performed by the firm
is attributed to that industry, For a major firm such as
the General Electric Corporation, the firm would presum-
ably be classified in electrical equipment manufactures.
Consequently, all research conducted, including research
on chemicals and information systems, would be allo-
cated to the electrical equipment industry and not to each
industrial field. In addition, the year-to-year totals are
occasionally subject to major breaks when an important
company is reclassified from one industry to another,
although the National Science Foundation has generally

! Ome matter of terminclogy must be clarified here. The 2LS multi-
factor productivity measures for major sectors refer to the private non-
farm business economy, which excludes government enterprises, such
as publicly owned water or electric companies and the U_S. Postal Serv-
ice. The measures of outpuot used in this bulletin also consistently refer
1o the private nonfarm buesiness economy. The research stock is similarty
based on research expenditures in industry and does not include govern-
ment enterprises, The RaD measures are therefore also consistent with
the output definition adopted.

For purposes of brevity, some portions of the text occasionally refer
to the ponfarm business sector. However, throughout this bulletin, the
term nonfarm business sector always refers to the private nonfarm
business sector.

2 The title of this publication has changed occasionally over the
years. For example, from 1962 (o 1965 the cormesponding report was
called Basic Research, Applied Research and Development in Industry.
The 1958 and 1959 repons were called Funds for Research and Develop-
meni in Industry.
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attempted to smooth the series to ensure that such shifts
are less sharp.

Because of these limitations, most R&D stock studies
have used the second type of industry classification, which
refers to R&D conducted by product field. These prod-
uct field data refer only to applied research and are
therefore often referred to alternatively as the applied
product field data. Basic research is not included. In this
framework, all research is classified into industry
categories by the type of product field involved. For
example, textiles research is counted as textiles regardless
of whether it is conducted by textile or chemical firms.
One sericus problem with the detailed industry product
field data is that the reliability of the published data is
questionable in some cases (Griliches and Lichtenberg,
1984b). However, the data can be appropriately adjusted,
as discussed in appendix B of Griliches-Lichtenberg
(1984b).

Both the industry of performance data, built up from
company sources, and the applied product field data are
published according to Standard Industrial Classification
(51C) codes. However, in the applied product field data,
research is listed for 28 broad product fields, since infor-
mation is published for some groups of three-digit
industries, as well as for many two-digit industries. This
represents slightly more detail than available for industry
of performance. In addition, a cross-classification matrix
showing research by industry and product field also exists,
though this is not available for each year and includes
many cells for which data are not separately shown.

The industry of performance and applied product field
data are both obtained from a survey that is conducted
annually for the Mational Science Foundation by the
Bureau of the Census. This survey covers all firms with
research spending greater than $1 million, and contains
a sample of smaller firms.

The R&D expenditures data cover all labor cost and
materials purchases for research in a specific year. How-
ever, current research resources spent on capital, such as
the structures or equipment used in industrial research,
are measured by the implied depreciation of these assets,
rather than by observed expenditures for such purposes.

The firms typically obtain data for this questionnaire
from their accounting records. Although the NSF forms
contain detailed guidelines, individual firms probably
exercise considerable latitude in assigning individual
research expenditures to specific applied fields and in



determining whether specific projects constitute basic
research, applied research, or development.

We now return to the main theme of this section, which
is whether acceptable measures of the research stock can
be created for the major sectors. One important problem
is dividing the available information on research expend-
itures into its manufacturing and nonmanufacturing com-
ponents. Since this issue reqguires detailed and extensive
consideration, it is discussed at length in appendix C. The
main conclusion of appendix C is that there is at present
no fully reliable way to separate research expenditures
and stocks into their manufacturing and nonmanufac-
turing components. Therefore, this bulletin emphasizes
R&D stocks calculated at the nonfarm business level,
which includes both the manufacturing and nonmanufac-
turing sectors.

Agriculture

Originally, it was hoped to include the agricultural sec-
tor in this study, so that the data could provide informa-
tion for the total private business economy as well as for
the nonfarm business sector. However, construction of
a relevant R&D stock for agriculture presents serious
problems. Evenson (1978) demonstrated that RraD
expenditures have a substantial impact on productivity
in agriculture. However, most of the research which
affects agricultural productivity is financed by the Federal
or State governmenis, such as research financed by the
U.5. Department of Agriculture or by various land-grant
universities, or is research conducted by private firms in
manufacturing, such as work on insecticides or fertilizers.
Both the government and private work are conducted
primarily outside the agriculture sector and therefore pro-
vide only indirect benefits to farmers. The present bulletin
considers only direct returns to research and therefore
does not address these indirect returns, which are of
crucial importance in agriculture.

The only component of research relevant to agriculture
which appropriately belongs in this bulletin is private
research conducted directly in the agricultural sector. Rut-
tan (1982) summarizes the very sparse information
available on private research conducted directly within
agriculture. As Ruttan indicates, data are available for
only a few years, generally in the late 1970"s. This infor-
mation is clearly insufficient to support construction of
time-series estimates of a stock based on private research
spending in agriculture.

Ruttan presents an overview of the industrial research
expenditures which influence productivity in agriculture
and agricultural processing. Summary figures for 1978
for private expenditures on this research are as follows,
in millions of dollars:

i, + UL R S NN e S Ml s $1,392-51,497
Phant beeedlilg- © . e e e e 55-150
POEEIIEE . .o cecrnnns s snmr s s s s b 290
g - R P S e R SR S 3
ADIDEY DICCRBE . o cmcvemmimmnesosn o mniss fonimasneininm ds 49
Animal health (mostly veterinary drugs) ................ w9

Animal feed and feed ingredients ...................... 30
Farm equipment and machinery ...........o0vvvvnnn.. 225
Farm product transport equipment .................... 40
Food processing machinery .............cvvneenvnn... BS
Food processiBE .. ....oveveeecucccioceooeoonnnnnns 150
Tobacco MAnUfACUNDE .....ccuvevemninnnnnccecsss 40-50
Matural fiber PIOCESFINE . .vovvreeuciarisarocnnmnnnns 10
Packiging maberials .. . ... ccoiiivencioinosrinrssiin 116

These estimates show that most private research funds
which affect agriculture are spent in manufacturing rather
than in agriculture. For example, the pesticides, animal
health drug, and farm equipment categories and all the
last six items clearly take place in manufacturing. Only
the plant breeding, animal breeding, animal feed and feed
ingredients, and perhaps the plant nutrients categories fall
into agriculture. In 1978, these items together accounted
for only about $134-3229 million of the total of $1,392-
$1,497 million private expenditures on research which
affected the agricultural system.

Another potential source of information on private
research conducted directly in agriculture is the data com-
piled by the Federal Trade Commission Line of Business
survey. These data show that private research expend-
itures in agriculture were $5.7 million in 1974 and $6.7
million in 1976. These sums are far smaller than the
expenditures of more than §1 billion suggested by Rut-
tan. This discrepancy partially occurs because the FTC
data are based on totals for large corporations in
manufacturing, whereas much of the Ruttan data were
gathered from agricultural trade associations, which
presumably have more access to information on expend-
itures by smaller economic units or by nonmanufactur-
ing companies. In addition, the Ruttan figures include
data on research conducted in industrial lines of business
eventually used in agriculture.

Finally, Scherer (1982a) used an adjusted version of
the Line of Business data to estimate that company-
financed research conducted in agriculture was $128.1
million in 1974. However, as Scherer indicates, his non-
manufacturing estimates are probably subject to a con-
siderable range of error.?

In the stocks constructed for the nonfarm business sec-
tor in chapter V, all private R&D expenditures reported
by the Mational Science Foundation are attributed to the
nonfarm business sector. No attempt is made to subtract
expenditures occurring in the farm sector since data on
this topic are so sparse.

Detailed industry data

For greater industry detail, beyond the two-digit level,
the only source of comprehensive data relates to 1973-
77. This is the Federal Trade Commission (FTC) line of
business survey, as reported in the FTC annual Line of

} There is an additional way in which federally financed research may
have had an important inflornce on production. Basic research in
biochemistry and medicine, such as that conducted at the National
Institutes of Health, has surely alfected medicine, hospitals, and the
druog industry. No study appears to have examined this topic, particularhy
the effect on measured productivity.



Business report. The data have not been extended to
subsequent years and consequently are not very useful
for analysis of the long-term effects of research. How-
ever, the Line of Business report is a highly useful source
of information on research expenditures within a large
number of industries.

BLS periodically collects data on rR&D employment in
manufacturing and other sectors. Surveys of manufac-
turing were conducted in 1971, 1976, 1980, and 1983. This
source of data, which provides considerable industry
detail, gives some indication of major interindustry dif-
ferences in research intensity. However, rescarch expend-
itures clearly provide a more comprehensive picture of
research intensity than research employment does, and
so it is preferable to use an estimate of expenditures.

The NSF is the only source of reliable data on research
spending over time in detailed industries. Terleckyj
(1982a) has developed data on R&D in each product field
from 1958 to 1977 from the NSF data. These figures are
subdivided into research financed privately and research
financed by the Federal Government. The Terleckyj
industry series does not include any expenditures from
the residual product field, so total manufacturing spend-
ing is greater than the sum of these industry values.*

R&D expenditures prior to 1953

Research and Development in Industry includes annual
company-based data on R&D by industry of performance
from 1957. In addition, two earlier surveys covering the
1953-56 peniod were conducted by the BLS. However,
these two data sets are not regarded as comparable. The
NSF has presented comparable national totals for 1953-
56 (Funds for Research and Development in Indusiry,
1958). The product field data start in 1957; no earlier data
exist. In addition, the company data distinguish between
private and publicly financed funds from 1958 on. How-
ever, the applied field data are divided into private and
public components only after 1967.5

The NSF data starting in 1953 clearly must be the core
of any series for major sectors. However, the NSF pub-
lishes no data for prior years. The main information on

4 As explained in appendix C, the residual product ficld consists of
applied research expenditures which are not assigned to any specific
product Neld. Many of these items would most appropriately be assigned
to specific product fields in manufacturing.

* Despite problems of comparability with subsequent data, one
source, BLS Bulletin 1148, Scientific Research and Development in
American Industry (Burcau of Labor Statistics, 1953), may eventually
be uscful in developing indusiry estimates for early years. This source
includes estimates of rap expenditures, including estimates of industry
expenditures and even separate estimates of government and private
expenditures in each industry in 1951, This source could potentially be
belpful in developing rough estimates of total and private research ex-
penditures for manufacturing and specific industries prior to 1958,
However, the Mational Science Foundation map report for 1957
cmphasized thai these 1951 data and subsequent estimates for 1953-54
and 1956 often differ widely from ~sF data at the industry level.
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prior years is the aggregate data contained in Terleckyj
(1963).* Fortunately, the Terleckyj study and the NsF
data use the same central concepts. The Terleckyj data
begin in 1921. Research and development conducted as
early as the 1920’s proved to have little impact for most
of the postwar research stock estimates prepared for this
bulletin, However, if it is assumed that there is no depre-
ciation, all prior investment is included in the research
stock. Therefore, in this instance all data are cumulated
from 1921. In evaluating this particular series, the reader
should be aware that choice of any specific initial year
is inherently arbitrary and depends on data availability.

Data on federally funded research conducted in
indusiry prior to 1953 are obtained from the Blank and
Stigler study (1957), which in turn is based on Depart-
ment of Defense data. Federally funded projects are
calculated as research performed by industry less funds
raised by industry. This procedure indicates $90 million
of Federal funding occurred in 1941, the first year for
which data are available. Amounts of $60 million in 1940,
%30 million in 1939, and zero prior to 1939 were assumed.

Overview: R&D relevant to productivity growth

An overview may now be provided of the portions of
national R&D included in the measures presented in this
bulletin. Data for 1977 are used for illustration.

In 1977, total national R&D expenditures were $42.8
billion. These were distributed as follows (in billions):

Conducted in the Federal Government ............... $6.0
Federally financed . F T e
Conducted in m.-du.'.'lr_r .. 29.8
Poderally fInanced .. ... vcviinnsnanacisnnsnansins 10.5
Industry financed . : e SR | I |
Conducted at u.mvl:rxrr.lu a.ﬂd mlli:;ca ................ 4.1
Federally finamced .........ccvcccnvrncensrnesnnns 2.7
Industry financed ........ccccvvvnnnnnrcncanaanans .1
University and college financed .................... .9
BEMRIEE . .o im0 .3
Conducted at federally funded RapD centers ............ 1.4
(Example: Oak Ridge Mational Laboratory) :
Conducted at other nonprofit institutions ............. L5
FPederally Boancedl .. .....cccovcinsabisnsmnnananns 1.0
LB S PP S U

The R&D stock used in this study includes the follow-
ing elements of the 1977 expenditures listed above:

Industry research financed by industry .............. $19.3
University and college research financed by industry .. A
Other nonprofit research financed by industry ........ A

‘Thl: central question is whether the Terleckyj data are sufficiently
reliable, even though they have never been adepted in official NsF
publications. To gain information on this question, BLS consulted with
‘William Stewart, then head of the MNational Science Foundation R&D
Economic Studies Section. The NSF pever adopted data prior 1o 1953
because data for carlier years were never required. However, if they
needed information for prior years, they would probably adopt the
Terleckyj series. Given this favorable opinion of the Terleckyj data,
we procesded 1o adopt them for years prior to 1953 and the correspond-
ing msF data for subsequent years.



This represents a conservative measure of the relevant
R&D, limited to research conducted in industry financed
by private funds, which has been clearly demonstrated
to affect productivity, and also research in colleges and
universities and nonprofit institutions financed by indus-
try, which is assumed to affect productivity equivalently.

No attempt is made to select an arbitrary percentage
of some of the other categories of research (such as those
chosen by Griliches (1973)) because the relevant percent-
age chosen for each category of research would be dif-
ficult to justify.

On the basis of the evidence presented in chapter III,
no Federal funds are included in the index of RaD
expenditures relevant to private sector productivity

growth. However, Federal funds used in industry are
included in the data base prepared for this study and are
used in one of the alternative measures analyzed in
chapter VI.

One important element of Federal research expend-
itures which is not included in the data base is spending
on agricultural research. The NSF series on Federal
budget authority for R&D in agriculture (about $550
million in 1977) is not included because such expenditures
do not take place in the nonfarm business sector.

Finally, the product versus process distinction is also
relevant here, but, as discussed above, because of data
limitations, it is not possible to create separate stocks for
these two categories at the present time.




Chapter V. Empirical Results

This chapter describes the preferred measures of the
r&D stock and their impact on productivity growth. It
also compares these results with the conclusions reached
in earlier studies,

As noted in chapter 111, the central series is based on
a 2-year lag between applied research expenditures and
their impact on productivity and a 5-year lag for basic
research, 10 percent geometric depreciation for applied
research, the Jaffe-Griliches deflator, simple addition of
basic plus applied research, a research expenditure series
confined to privately financed research, and no change
over time in the impact of research on productivity.

It is important that the reader realize that evidence on
many of these issues is mixed, and a plausible case can
easily be developed for various alternative assumptions.
Chapter Y1 examines how a variety of alternative assump-
tions concerning these topics affect conclusions concern-
ing the impact of R&D on productivity growth. The
assumed rate of depreciation is the only alternative
assumption which turns out to have important implica-
tions for understanding the role of raD.

Because at present it is not feasible to divide the avail-
able data into reliable measures of research expenditures
in the manufacturing and nonmanufacturing sectors, this
chapter concentrates primarily on R&D stocks in the non-
farm business sector as a whole. However, for illustrative
purposes, tentative estimates of research stocks for the
manufacturing and nonmanufacturing sectors are also
reported.

Nonfarm business sector

Table 2 shows the central information on annual ex-
penditures on R&D. All data refer to the nonfarm
business sector. The preferred measures are based on total
R&D expenditures financed by industry, as reported in the
first column. Table 2 also presents information on
federally financed research expenditures conducted in
industry, since a portion of these expenditures is included
in one of the alternative series examined in chapter VI.

Most industry-financed R&D is of course conducted in
industry. Industry-financed research by universities and
colleges and nonprofit institutions is also included in the
main research expenditures series. The sum of all these
expenditures constitutes a conservative lower bound esti-
mate of the expenditures relevant to productivity growth,
in the sense that government-financed expenditures are
not included.
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Table 3 presents similar data for basic research expend-
itures in the nonfarm business sector. Applied rR&D
expenditures can be determined from total R&D (table 2)
less basic research expenditures (table 3).

Table 4 shows the information available on R&D expen-
ditures in the nonmanufacturing sector, as obtained from
the company data of the National Science Foundation.
Prior to 1958, nonmanufacturing research investment was
estimated as a fixed proportion of applied research and
basic research investment in the nonfarm business sec-
tor. The proportions used were based on the 1958 data.
Estimates were developed through this procedure for all
previous years. Table 4 contains detailed data sources for
years after 1958,

Table 5 presents estimates of total private R&D expend-
itures in years prior to 1953. Fortunately, Terleckyj
(1982b) independently selected the same concept and
definition of relevant research expenditures adopted in
this study, so the data listed in table 5 are consistent with
the privately financed research expenditures reported in
table 2. Similar data on annual R&D expenditures are
presented in Terleckyj (1984). No information is available
on the basic and applied components of privately fi-
nanced research conducted prior to 1953, so the 1953 pro-
portions (92.7 percent for applied research and 7.3 per-
cent for basic research) are arbitrarily assumed to hold
for each prior year.

Table 6 lists corresponding information on federally
financed research conducted in industry prior to 1953.
Data are from Blank and Stigler (1957). These expend-
itures are divided between basic and applied research in
the same proportions as in 1953; 0.014 of federally fi-
nanced research is assigned to basic research and the
remaining 0.986 to applied research.

Table 7 shows the Jaffe-Griliches deflator used to
deflate all forms of research investment. All research
investment is converted to 1982 dollars using these
deflators. Table 8 gives the GNP deflator, which is used
in chapter VI to determine an alternative research stock.
Table 9 lists research expenditures in the food process-
ing applied research product field, in order to illustrate
the nature of information available at this level of
industry detail. Table 10 lists annual investment in applied
and basic research, each in 1982 dollars.

Table 11 shows the preferred estimates of the rR&D
stock. Separate figures are presented for applied and
basic research. The preferred measure of the applied re-
search stock is based on a 2-year lag and 0.1 geometric



depreciation, in light of the discussion in chapter I111. The
stock of basic research assumes a 5-year lag and zero
depreciation. In 1987, the total R&D stock, calculated as
the sum of the basic research stock and the applied
research stock, was $361.25 billion in 1982 dollars.!

Table 12 shows the long-term growth rates of the
research stock and its applied and basic components.
Since, as table 11 indicates, the basic research stock con-
stitutes less than 15 percent of the total research stock,
applied research dominates the growth of the total re-
search stock. Growth in basic research tends to be slightly
greater than the growth of applied research essentially
because basic research stocks are calculated with zero
depreciation; if the applied stocks were calculated without
depreciation, they would have increased at a 7.4-percent
rate over the long-term (1948-87) period, which would
mean the applied research stock would have grown faster
than the basic research stock.

Table 12 also examines the growth in the research stock
within the 1948-73 and 1973-87 periods. The research
stock grew at a 7.9-percent rate from 1948 to 1973, but
slowed to 4.3 percent, about 54 percent of the earlier
growth rate, between 1973 and 1987.2

Table 13 lists several other important characteristics
of the rR&D stock. Column 1 lists the annual rate of depre-
ciation of the total research stock. The annual rate of
depreciation is essentially constant over time.? Column
2 lists the annual growth of the rRaD stock. The growth
rate varies over the business cycle and over time. The key
feature is that the growth of the research stock slowed
substantially, from 7 to 9 percent per year in the 1950’s
and 1960°s to 4 or 5 percent in the 1970°s and 1980's. Col-
umn 3 indicates the real return to each unit of the research
stock in each year, which is assumed to be constant at
30 percent. Column 4 shows the implied R&D share of
total real income, based on this 30-percent assumption,
in the nonfarm business sector. The research share
increased steadily from slightly more than 1 percent in
1949 to about 3.5 percent in 1987.

! To gain some perspective on this magnitude, in 1987 the total
capital stock in nonfarm business—the sum of the equipment, stroc-
tures, rental residential housing, inventories, and land stocks—was
57,433 billion in 1982 dollars. Therefore, the RaD stock was approx-
imately one-twenticth the size of the total capital stock.

? As mentioned in Morsworthy, Harper, and Kunze (1979), some
economists believe the productivity slowdown began in the late 1960°s
rather than in 1973, The growth of the research stock slowed from 3.1
percent in 1948-67 to 5.2 percent in 1967-87; from this perspective,
research maintained &4 percent of its previous long-term growth rate.
Consequently, the data suggest that the growth of the research stock
slowed down more rapidly in the post-1973 period.

¥ The constant rate of depreciation is nol surprising since 0.1
grometric depreciation is assumed throughout the period, which indicates
that 10 percent of the rescarch stock is lost every year. The ratio in
table 14 is less than 0.10 because basic research is assumed not to
depreciate. The value of 0.087 in table 13 implies that 87 percent of
the research stock is applied research, which depreciates at a 0.1
geometric rate.

Of course, one major question is what implication these
research stock figures have for understanding the pro-
ductivity slowdown. Table 14 expands the analysis to con-
sider the effects which the growth of the research stock
and the research shares listed in table 13 have on pro-
ductivity growth. Table 14 lists the annual contribution
of R&D in the nonfarm business sector, as determined
through the growth accounting methodology described
in chapter I1.*

These data show that fluctuations in research have had
a noticeable, although minor, effect on productivity
growth in the nonfarm business sector since 1948, The
productivity impact of R&D increased from 0.10 percent
in 1950 to about 0.17 percent in the 1960°s. This impact
declined to as low as 0.11 percent in the late 1970"s. In
the carly 1980°s, the productivity contribution of r&D
increased again and returned fo its mid-1960’s values,
Nevertheless, the magnitudes involved are not very great.

Table 15 shows the average annual contribution of
R&D to productivity growth for specific time peniods. For
the overall 1948-87 period, RaD contributed 0.15 percent
to productivity growth. For 1948-73, R&D contributed
0.15 percent and for 1973-87, 0.14 percent. If the con-
tribution to the productivity slowdown is measured solely
within these periods, R&D made no appreciable contribu-
tion to the slowdown.

For the sake of completeness, table 16 presents the out-
put data used in calculating each year's research share.
The table shows constant-dollar (1982 dollars) output in
the nonfarm business sector for each year between 1948
and 1987, Together with the real R&D stock presented in
table 11, this material provides the information required
to determine the relevant research share for each pair of
years.®

The estimated shares reported in table 13 show clearly
that, if the return to research is anywhere near constant,
the assumption of a constant research share cannot be
supported. It is possible that the productivity contribu-
tion of a unit of research declined gradually over time,
which would cause the research share to grow more slowly
than table 13 suggests. However, even if the implied price
of a unit of research declined by as much as one-half over

4 The growth accounting methodology determines the contribution
which any factor input makes to productivity growth by multiplying
its rate of growth by its factor share. Appendix A provides a detailed
discussion of growth accounting and describes the procedures through
which the productivity contribution of rap is calculated.

* Mote that conchusions concerning the effect of R&D on productiv-
ity depend in an important way on the assomption that the produc-
tivity contribution of a unit of research capital, rather than the research
share, is constant. If the research share were instead assumed constant,
the slowdown in the growth of the ressarch stock documented in table
13 would have a somewhat greater impact on productivity growth, For
example, given a research share of 0.02, which is roughly plausible for
the nonfarm business sector, the growth rates in table 12 would then
suggest that xap contributed 0.16 percent to productivity growth in
1948-73 and 0.09 percent in 1973-87, thereby contributing 0.1 percent
to the productivity slowdown.




the time period considered, table 13 shows that the as-
sumption of a constant research share would still be sub-
ject to serious question. In addition, the empirical studies
summarized in chapter 1II found no evidence that the
return to research has declined over time; further empirical
work on this topic conducted at BLS, which is reported
in appendix B, also found no evidence of a decline,

Manufacturing and nonmanufacturing

Table 17 provides estimates of the research stock in the
manufacturing and nonmanufacturing sectors, with
research investments in the two sectors determined from
the nonmanufacturing company data discussed in chapter
IV. The calculations in table 17 are intended to illustrate
the general orders of magnitude involved and may con-
siderably understate the true amount of research which
occurs outside manufacturing. MNevertheless, research
stocks are certainly far greater in manufacturing than in
the nonmanufacturing sector.

As expected, the direct influence of R&D on produc-
tivity growth is greatest in manufacturing, where most
research is concentrated. In manufacturing, direct R&D
contributed 0.49 percent to 1948-87 multifactor produc-
tivity growth (table 18). There is no evidence that research
played any substantial role in the productivity slowdown
in manufacturing; the estimated contribution declined
only from 0.50 percent in 1948-73 to 0.49 percent in
1973-87.

On the other hand, the direct research effect is almost
nil in nonmanufacturing, where most research is pur-
chased indirectly, as embodied in goods purchased from
manufacturing. The direct effect on the productivity
slowdown is inevitably extremely slight, given the small
magnitudes involved. A more conclusive split of research
investments between manufacturing and nonmanufactur-
ing might alter the levels of the stocks considerably, but
the pattern of the results would remain unaltered.

Comparison with previous measures

This section compares the empirical results obtained
above with prior studies of the role of r&D in produc-
tivity growth and of the influence of r&D in the produc-
tivity slowdown.

Griliches (1973) conducted a widely cited study of the
effect of R&D. This analysis included some components
of publicly financed reseach and some portions of
university-funded and Federal intramural research. This
concept of relevant research is therefore broader than that
considered in the present report, which includes only
privately financed research. However, Griliches also
assumed that only some percentage of research spending
in some of these broader categories directly affected pro-
ductivity growth. In addition, the Griliches study did not
consider lags.
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Griliches concluded that R&D contributed perhaps 0.3
percent to measured productivity growth in 1966 and
about 0.2 percent in 1970. Griliches regarded these
estimates as within the upper range of plausible results.

In contrast, the present study suggests that the produc-
tivity impact of R&D was 0.15 percent in 1966 and 0.18
percent in 1970, These magnitudes are somewhat lower
than the Griliches estimates, but not unreasonably so,
since the Griliches analysis assumes a considerably
broader range of research expenditures is relevant.

In another study, Griliches (1980a) examined the poten-
tial effect of a slowdown in R&D using an estimate of a
constant research share of 0.06 in manufacturing. This
study suggested the slowdown in R&D might have reduced
productivity growth in manufacturing by 0.14 percent.
The present study shows no such substantial effect on
the productivity slowdown, largely becauseé the pro-
cedures adopted here assume a constant return to research
instead of a constant research share, as discussed in
chapter I1.

Kendrick (1981, 1984) has consistently found that
research contributes a considerably larger amount to pro-
ductivity growth. Kendrick (1981) estimated that rR&D
contributed 0.85 percent to productivity growth in the
U.S. domestic business economy in 1948-66, 0.75 percent
in 1966-73, and 0.60 percent in 1973-78. The magnitudes
involved, and the contribution to the productivity slow-
down, are far greater than those reported in this bulletin.
Kendrick (1984) reported that the effect of research on
productivity growth declined from 1.2 percent in 1948-
73 to 0.7 percent in 1973-B1.

The Kendrick numbers are larger than other estimates
for several reasons. First, much or all of government
research expenditures are included as relevant expend-
itures; as Mansfield points out in his comments on Ken-
drick (1981) and as Denison (1979) observes, this is likely
to overstate the true impact of the research stock. Second,
Kendrick uses higher estimates of the rate of return than
other studies, which presumably is intended to reflect the
impact of the substantial indirect effects of r&D. An
extension of the present work to include indirect effects
as well as the direct effects would presumably bring the
present estimates somewhat closer to Kendrick's results.
Third, Kendrick (1984) assumes that *‘the many small
technological improvements made in shops and offices
tend to follow the major developments produced by for-
mal R&D programs.” Little is known about this issue.
However, since most R&D is conducted by large corpora-
tions in manufacturing, small improvements contributed
by small firms outside manufacturing, such as the shops
and offices Kendrick mentions, may be driven by quite
different forces.

Denison (1979) considers various alternative estimates
of the impact of R&D, and essentially agrees with the
Griliches estimate of 0.3 percent as a maximum effect in
the total economy. In addition, he considers a range




between 0.0 and 0.1 percent as plausible contributions
to the productivity slowdown. This range of magnitudes
is consistent with the ceniral conclusions reached in the
present bulletin.

Scherer (1983) estimated that the slowdown in R&D
may have reduced productivity growth by 0.2 or 0.3 per-
cent a year; his discussion implies R&D may have con-
tributed as much as 0.4 percent a year to the productivity
slowdown. These high estimates occur because Scherer

uses estimates of the total return to R&D which include
very large indirect effects. Total annual returns to R&D
are estimated to be between 70 and 100 percent or even
higher. If the 30-percent return used in the present report
were used instead, the estimated contribution to the pro-
ductivity slowdown from Scherer’s approach would be
only 0.1 percent a year. This substantial difference shows
the importance of addressing the complex issue of the
indirect returns to research.




Table 2. Total research and development expenditures,’  Table 3. Baslc research expenditures, nonfarm business,

nonfarm business, cumment dollars, 1953-87 current dollars, 1953-87
(I millions) {n milfions)
Industry-financed RAD Federally Industry-financed RAD Federally
Cond i (h'r::-:aind Gnn:_hu:lad financod Conducted Gbnﬁ.lciad Donc_bcleﬂ financed
vear | Tota o in RAD Year | Toal W _ in in R&D
industry universities | nonprofit | conducted industry universities | nonprofit | conducted
and colleges | instituticns | in industry and colleges | institutions | n industry
1853 ... |52245]| $2.200 $19 526 $1,430 1953 ... | $153 $132 $12 59 519
1954 ... .| 2373 2320 2 N 1,750 1954 _...| 168 143 14 1" >3
1955 ....] 2,520 2,460 25 35 2,180 1955 ... | 11 162 16 13 27
1956 ....| 3343 azrr 29 a7 3328 1956 .. 249 216 18 15 ar
1957 ....| 3467 3,398 34 kv 4335 1957 ....| 266 230 | 15 4
1958 ... 3,707 3,630 39 38 4759 1958 ... 292 252 24 16 43
1958 ... | 4084 3,583 39 42 5,635 1959 .. 250 248 24 18 T2
1960 ....| 4518 4,428 40 48 6,081 1960 342 297 24 21 79
1961 ... | 4757 4568 40 49 §,240 1961 .| 3& 4 5 22 81
1962 ... | 5123 5,029 40 54 6,435 1962 .. 354 345 25 24 143
1963 ... .| 5455 5,360 4 55 7270 1963 ... | 425 3rs 5 25 147
19654 ., .| 5888 5,702 a1 55 T1.720 1964 .. | 434 364 25 23 165
1965 ... .| 6548 5,445 4 62 7,740 1965 ._. | 451 406 Fii] 29 186
1966 ... .| 7a8 7218 42 70 8,332 1968 ... | 510 451 i g 3z 173
198T ... | B,142 8,020 48 T4 B.385 1987 .. 497 427 7 34 202
1968 ....| 9.005 B.BES 55 -3 B.560 1968 ... 535 462 5 a7 180
1989 ... .|10.070 9,857 [=1] 83 B.451 1989 ... 40 458 ] 43 160
1970 ... | 10,444 10,288 &1 95 1.779 1970 . 528 444 40 44 158
1971 ... .|10.822 10,654 70 98 7.656 1971 .. 547 458 48 45 134
T2 ... | 1,70 11,535 74 il ] a7 1972 ... 583 463 53 A7 130
1973 ... .|132083 13,104 B4 105 8,145 1973 ....| GOS 459 57 49 132
1974 ... | 14,878 14,667 =1 115 B.220 1974 ... | 651 538 (3] 54 163
1975 ... |15820| 15582 113 125 8,505 1975 ... | 705 573 T2 (1] 157
1976 ... |17,504 17,436 123 135 9,561 1976 ....| 7E9 B34 T 64 185
1977 _.. (19620 19340 139 150 10,485 1977 ... | 850 701 79 70 210
1978 ....| 22450 22,115 170 165 11,189 1978 ....| 964 785 29 BD 250
1979 26,081 25,708 193 180 12,518 1979 .. | 1082 803 114 85 265
1980 ... .|30911 30,478 35 200 14,029 1980 ... | 1267 1,035 137 a5 290
1981 ... .|35044| 35428 a1 225 16,382 1981 ... | 1588 1,313 170 105 3m
1982 ... .| 40,006 3g 512 34 250 18,483 1982 ... | @813 1,500 158 115 380
1983 .. [43515] 42,861 are 275 20,542 1983 2045 1,682 228 125 450
1984 .., |40066| 48308 458 300 23,162 1984 ... | 2418 2,004 279 135 4T
1985 ... |5258T| 51724 538 335 26,484 1985 _ .. | 264T 2,152 345 150 476
1985 ... |55548| 54574 BO0 375 28,938 1986 _. .| 2B15 2270 37s 170 524
1987 ... .|5B.570 57.500 B0 400 31,700 1987 ..._.| 257D 2,400 380 180 &0
VExpenditures for basic plus applied research. Sources: National Science Foundation, National Pafterns of Science and

Sources: National Science Foundation, National Patterns of Science and Technology Resources, 1853-1977, table B-1; National FPatterns of Science
Technology Resources, 1953- 1977, table B-1; Natronal Patterns of Science and and Technology Resources, 1587, table B-1.
Technology Resources, 1887, table B-1.




Table 4. Total research and development expenditures, nonmanufacturing, current dollars, 1958-87

{In millions)
Federally financed Industry financed Federally financed Industry financed
Year Basic Basic Year Basic Basic
Total resoarch T regearch Total research Tkt ressarch
b | 182 £10 §55 54 1972. $47 £19 s217 59
[ 1= S e R o2 14 48 4 1979......... 416 19 259 ]
N s e 453 14 305 12
o DO e 110 17 58 g S s e 210 " _— 2
T e s B ars 21 471 ;]
1981...... 124 20 0 -]
ez 152 24 83 7 110 e a7 i 541 T
1063 ; LU 190 29 85 8 1978...... 527 42 02 B
T 229 27 50 5 1979. 681 a7 59 L
1965, . 268 22 116 B
1980. ... 79 54 1,037 12
1988, . . ... 367 8 130 n 1881, .. 858 59 1,048 1z
L - T P e S U 38T 44 172 9 1082 . . 004 52 1'1{" 13
o R P 41 43 172 0o e R L S 1,022 71 1,167 14
19ET 448 40 207 8 S e 1,215 B4 1,370 1%
b e N R R | 1,485 102 1,366 16
G (17 P R PR R ey 450 2T 225 B RN e 1.626 12 1,441 17
G [ 3 [ e R e i 452 24 252 T 1, e e e i ] 1,778 123 1,518 18
Source: Mational Science Foundation, Ressarch and Development in

Indusiry, various, as listed babow.

Drata prior to 1958 (not shown) are determined from the 1858 ratios of the
percentage of applied research investment occurring in nonmanulacturing
{1.493 percent) and the corresponding percentage of basic research (1.379
parcent) cccurring In nonmanufachuring.

For basic research, estimates for 1858-61 usa 1062 estimates of the
ratio of basic to total expenditures: 0.15T6 for Federal, 0.0794 for industry
financed.

The annual volumes of Research and Devedopment in Industry provide infor-
mation on the 1otal research and basic research conducted by firms classified
in nonmanutacturing. More recent versions of these same data, such as that
published in National Patterns of Science and Technology Resources: 1887,
tables B-26 and B-27, and Ressarch and Development in Industry, 1570, tables

Table 5. Industry-financed ressarch and development
expenditures,’ current dollars, 1921-52

B-6 and B-12, provide updated information on total expenditures for 1974-85
and 1963-T3. These revised ligures have been used for the total expanditures
series. (Tables 3, 7, and 3 of Aesearch and Development in Indusiry, 1970,
previde the available informalion for 1558 to 1962.)

However, tha annual figures on basic research spending by nonmanufac-
turlng companies have not been revised. Therelore, the proporion of basle
research o lotal research suggested by the original data for each year is
appliad to tha updated fotal expenditures series to obtain estimates of bashke
ressarch conducted in each year by these companies.

From 1880 omwards, information on the basic research conducied by firms
classified in nonmanulacturing has nol been availlable. Therelore, the 1979
ratios of basic research expenditures as a proportion of tolal expenditures
{00890 for federally financed expenditures and 0.0116 for privately linanced
ecgpenditures) have been used for 1580 and each subsequent year.

Table 6. Federally financed research and development
expenditures conducted in industry,’ current dollars,
1938-52

(In millions)
{in milions)

Year Expenditures Year Expenditures
e T o2 e S 5263 Your Ependiures b Cpn—
[ o 99 15 e B 206 1998 . ... ... o 1046 . ... £as0
1923 107 108 ol 334 1998 _.......... $30 18T L 520
1924 115 1. i ara 1000 s e &0 1548 BTD
wWas .. 124 Y L 355 v+ | P R 90 L R BOO
| - e 133 | - A 24 1042 . 2940 1850 BOD
92T ... 143 1943 .. ...... ME SRR 440 951 ... 1,000
1928 158 b 12 T 452 1.7 7 450 1952 1,100
1929 .. 175 |- - e R ) | - S0 Ii
1930 ., 153 11, 7. Bl as57
s A 214 T SRR 1,050 Vexpenditures for basic plus applied research.
1932 | 187 Hioeg .......... 1,150 Source: Blank and Stigler (1957, p. 14), based on Department of Defense
1953 ....000 0 163 149 ...... G890 sources. Figures for 1838-40 are assumed; all data are cakulated as total
1934 ......... 184 1950 1,180 research conducted in industry less funds raised by mdustry.
T s i 207 1 o) PR 1,300
08 . 233 3 - G g 1,708

'Expanditures for basic plus applied research.

Source: N.E. Terleckyj, 7 and D as a Source of Growth of Productivity and
Income, Mational Planning Aszociation, Working Paper, May 18, 1582, table
1.p 21.




Table 7. Extrapolated values of the Jatfe-Griliches RED  Table 8. Applied ressarch and development expenditures,

deflator, 1821-57, and actual values, 1958-87 food and kindred products, SIC 20, cument dollars,
1958-83 i
{Indea, 1682 = 100)
{In milllkons)
Yeoar Deitator Yoar Dailtalor
Extrapolated values: H T s B e 2462 Yeoar Total | Fedarally financed | Indusiry financed
R N DR 1200 H19s8 . .. ... ...... 25.58
e Tem hwer . =T - | i : .
1028 ... 12.29 Achual valwes:
T -, e 12.09 ThEN: LTl S 27.50 3
WS 1230 Beeen .. .......... 28.22 1$ ________ g g g
WG L 1218 Hqgep . ..., 8.9 1 A e a8 0 o8
WA TIBR HoqpmY .........iieoen. 29.33 11 T 102 o 102
1R L] 199 o SRR T VOB o 118 o 118
VRO S 11.09 gy 0 0TI 30.40 R e 131 0 131
1930 ..... ceveenannd 158 flggey L. nz e LR N 130 0 130
- CRECEECELEREEREE LB BT S .87 o e e e 134 o 134
:ﬁ R PR R RS a.g 1966 ..., R T BOBN . il e 165 D 165
-------- 8 T S T o SRR R D 179
1938 L all S S 36.32
1935 ... 985 Hyogg Tl apoe 670 .................| 208 0 206
:g ---------------- 13—3 R an a2z .17 o B SO 7 o 211
pict bt i ol 01 A 42.68 T2 ... 227 0 227
vae o ons [f18T2 oo R e s s : s
ey T 4720 T Ry, 283 0 283
::2 EETREETEEEREY :Eﬁ S R 1o s S 273 0 273
142 10N r2oe fO9TE i as T IER v = -
e o o] T 8155 e 348 0 348
O e svmy R £5.79 MY o ot i 0 o 420
S R LI (L PPN mo.m 1981 492 o 400
PR 16.87 3 L ! - SR R 76.98
L T e b e Jl1980 ... ...... B5.07 1 s =] o8 s e
T S R 19.78 [ R e A A T3 Since 1977, the applied product field data have been collected every 2
(- 2020 (1982 ...... ceeeene-| 100.00 years.
L R e 20.77 | - - PR 103.11 Sources: National Science Foundatlon, National Patterns of Science and
o) [ R oling |l vol . oo oo 106.42 Technology Resources, 1986, table 45; Aessarch and Developmant in Industry
T 270 1985 ................ 109.42 tor 1he Tollowing years: 1981, table B-34; 1973, table B-47, 1965, table 81; also
WA A ooxon Rvees . ..l 11262 unpublished fislings from Nesior Terleckyi.
PO 23.87 1 - R e 115.42

Sowree: Calculated in tables D-1, D-2, and D-3 of appendix D and describad
In tha et of thal appendix. The deflators reported in appendix D are hare
comarted to the base 1982 = 100

Table 8. Implicit price deflator for GNP, 1921-87

(Index, 1582 = 100)

Year  |Deflator Year Deflator Year  |Deflator
1 g L 155 |l1oa3 ... 151 f1oes ... .. 338
192 ... 144 1044 153 ||1966 .. 350
3 ... 149 llas ..., 157 fl1oe7 ....... 359
1924 ......] 147 [{1548 . __.. 194 [1988 ....... 3.7
1925 ......] 150 [1sa7 ... z1 ||1969 ... 398
1 - SO 148 [{1048 ... zag (1970 ....... 42.0
1927 ... 145 ||1949 . .. . 235 (1871 ..., 44,4
98 ..., 146 ||wes0 . ... 23m (1972 ..... 265
1929 ....... 145 |11 .. 251 (|1973 ... 485
1950 ....... 142 || 1952 g 258 |978 ... 54.0
W ..., 130 flwsa ... 259 [(1975 ......| 593
e 115 ||1958 ... 263 :g;g ------ g'};
1 : R 112 ll1ess .. ... Lo bl 722
1934 ... 122 ll19s8 . ... 281 ligrg 1100 e
1935 ... 125 B1957 ......] 209 Hioes 77| sz
1996 ......| 125 [|ro5e ......) 207 lhesr ] sao
1997 ......] 131 [J1ss8 ... 304 fligaz 100.0
¥oam ... . 129 |l1ss0 ..... 209 [lisas 1039
1938 ... 127 |l1981 ..... 312 |lioss .. ... 107.7
L S 120 fli9s2 ... .. 319 |jees ..., 11.2
1 R 138 |l19sa ... _. aza [hses ...... 1149
T - B 147 1984 .. ... asp [l1oer ......| 1175

Sowrces: Economic Report of the Presigant, February 1988, table B-3, p. 252,
for 1283 o 1987, Mational Income and Froduct Accounts, 1528 1882, Statistical
Tabdas, table 1.25, p. 8T, for 1921 10 1928, and table 7.4, p. 327, for 1929 10
1582,

Append D uses these values of the GNP deflalor to determane the estemates
of tha RED deflator reported in table 7.




Table 10. Constant-dollar gross Investment in research  Table 11. The stock of research and development, non-

and development, nonfarm business, 1548-87 farm business, 1948-87
(in billkons of 1982 dollars) {in billlons of 1982 dollars)

led Basic Applisd Basic

Your rﬁn‘h ressarch Vear Total ressarch! research®
1 e R e S $5.39 $0.43 [ T PR e e $29.89 $26.63 $3.26
I R s e T 454 36 |1 | e A R 32.7T6 29.23 353
TR e e e T 5.27 A2 |2 | e T S 3559 n.To 3.89
| - e s L _ 5.45 43 |7 ) O e 3r33 33.07 4.26
§ [ e R R B.97 55 RS s ko | 3503 4.68
BN e N e B.98 85 1N e 42,09 38.59 5.10
o e e ol el e 9.24 70 ) o b R B 45,72 40.26 5.48
A e T R e 0.48 i T 51.07 4519 587
L} o e e e e 1210 97 19596 . e 56.22 49.91 631
DO o b morisis i e e i oot el A A 12.06 1.00 |- 7 TR R B1.24 54.38 6.88
| 2 AT R R e b 12.42 1.08 1 e R A B8.55 £1.04 7.51
OB i e e 13.37 1.03 1 R s R 75.21 68.99 az2
O R R R SR 14.44 1.18 1 | 81.70 7271 a8.99
TIBL o e e e G 14.99 1.23 ) 12, R e S s B8.78 a2 9.94
S SSRGS bR R 15.76 1.3 ;o R et el 98,34 85,37 10,97
| - e e M| 16.55 1.40 L2, = o RO et 103.85 o1.82 12.03
|- i e R A e O 17.47 1.39 POBR . o 111.45 58,40 13.08
(] R e S i e 18.10 1.45 |2 R S 119,35 105.11 14.24
[ I i S, L NI o ] 20.81 1.54 | el e ol 127.54 112.07 1547
VIR o s e e 2227 1.43 T e ] 136,74 119.96 16.78
TR o 73.32 147 1968 ... ...} 14676 128.57 18,18
TR e 24.78 1.41 TRt e R T 157.56 137,59 19.57
190 ... ... A e 24.59 13 1071 RN S R 168.53 147.51 21.02
g o R R e L R b e 24.09 1.28 1 [T e e P R 180,10 157.54 22.58
T R e b e e I e ) 25.00 1.26 THTE R s i e 1 1037 166,28 2399
|7 R M et 26.88 1.28 11 [ B e | 1829 173.82 25.48
|- SRR e s g bl e 27.44 1.26 7L LR 208.32 1681.45 26.88
AR D I S R R 2531 1.23 W5 i, 218.37 19018 28.19
|77 g SN APE L L s L1 27.50 1.25 L 228.07 188,60 29.47
| 7 e S e A e 28.54 128 o1 e e 23579 205.05 30.73
VI i Bl e o i m i e s 30,39 1.36 TIIBEl f Ao 244.08 212.05 32.01
PR e B e 32.48 1.42 g L T e 252,65 218.39 a3.zy
BB o e i e i 34.85 1.49 B ou i s e e 262,33 227.83 34.50
| AR e S o ek DR Rl 36.65 1.60 TR R 273.26 23751 3575
A S L R 828 1.81 1082 .. 28564 248.61 ar.oa
T oo e 40.22 1.98 1L - e R L e R 298.80 260.40 38,40
TR D e R 43.83 227 17,7 e e 3246 272654 3982
o v 45,65 2.42 L1, ~ Y T - T 285,60 41.31
|, - e e A Sl TR 46.82 2.50 TRBE= e 343.88 300.87 43.00
G TR e e 48197 2.57 TREE e 361,25 316.43 44,82
Mote: Annual RED expenditures in current dollars, B shown in tables 2 'Based on a 2-year lag and 0.1 geometric depreciation.

and 3, are converted to 1582 doflars using the Jaffe-Griliches deflator listed *Based on a 5-ysar tng and zero depreciation.
in table 7.




Table 12. Rate of growth of the stock of research and  Table 14. Annual contribution of research and develop--

development, 1948-87 ment to productivity growth, nonfarm business, 1949-87
{Average annual percent change) {In percent)
Paricd Total stock | Applied research! | Basic research? Year Conlribution Year Contribution
1 6.6 6.6 69 VAR el o1 . (1R 1]
194873 oo 79 7.8 86
1BTHET oovenrennnnns 43 4.4 41 19 s e A0 TR i 18
TAssumes a 2:year Iag and 0.1 geometric depreciation. :g """ mmss -gg :g_;; ------------- -:g
Assumes a Syear lag and zero depreciation. by o7 e . 13
1954 ... L PN e A3
- - R e B S A5 s o e A5
ISl e A4 1976 ... .. 14
Table 13. Rate of depreciation, annual growth of the stock ;T S R RE] SR o n "
of research and development, and the Iimplied research 1958 L 20 1978 ... 1
share, nonfarm business, 1948-87 1959 ... a7 o "
10980 ............ 8
Rata Growth of | Assumed real | Implied 1061 ............ A7 1980 ... 12
1 of research return to a research ; L v S e 18 L - 14
Tt depreciation stock unit of research| share 193 ... A7 1\ 2 16
in i2) i ) 1 R e AB :x PR '::
s Lol 1B :
104849 ..., 0.089 0,096 0.30 0.012 1008 o ITTieee 15 e T B
1950 ... o089 088 30 012 A e A R .
WS L.l 0B 048 .30 T R o S S s e :
B i 089 054 .30 m2
WeE o .08g 060 .30 012
1988 ..., 088 0EE a0 [E]
1085 ..... . o088 1T a0 04 Table 15. Long-term contribution of research and develop-
1956 ... ... = .0Ba A0 30 015 ment to productivity growth, nonfarm business, 1947-87
1967 ....... : 089 089 30 e
1958 ... ... 089 119 a0 .07 [Average annual parcent change)
1850 ....... 089 pa7 30 g
Pericd Contribution
1060 ......... 0B 086 30 020
081 o 08s oar a0 o021 1045-87 B are M o N R i A e 015
1982 ... Dag 0as a0 22 19458-73 e L L e A T A5
1983 ..... : Das o7a 30 22 DT EIRINE oot o o s  l l  , A4
1964 ..., ] nas 073 30 023
1965 | T 0as amn 30 023
weE ..., i o a] 30 023
1067 ...l 088 o7 .30 024 Table 16. Constant-dollar outpul, nonfarm business,
168 ... BB o073 30 025 1948-87
1R 08B 074 .30 026
W ... 088 i) 30 02T o s of: B dotberd)
W ... i 088 059 .30 oeg
o 087 057 ap 029 Year Dutgat Tour Output
198 . 087 047 a0 029 T T 58249 |l1os8 ceee| ELTETA
1974 .__..... 087 045 30 030 TR BOSS [1eem ... .. ... ... . 1,804.3
1975 ........ 087 4B .30 032
098 ol 087 044 .30 033 Fo o R Bes4 flyswo . ........ ...l 17B48B
AT 087 034 30 03z 1951 .. ... o547 {1971 .. .. . 1,832.8
1978 e oAt 035 30 031 s | R e P o P = LN 1972 T e 1,,952.3
1998 o 087 035 30 on TR R 10022 feva..............] =zo73s
19584 ... 10115 flie7a ....... i 20347
1980 . ......ooo 087 038 30 03z - e e 10847 Jhors........... 1,986.0
1 SRR 087 D4z 30 033 1986 ... 11188 fl1ome .......... 2,107.7
1982 ... 087 045 30 035 T e e 113386 [ho77 ..............| 22329
19680 i 087 048 30 03t T B 10098 fhoms ... .........| 23564
17 087 D46 30 038 1959 .. ........... 1,960 fere ... ... .. .. 24100
TG, o 087 D46 30 035
1986 ol 087 052 30 035 P 12152 JleeD ... ..... 23790
1987 ......... 087 051 30 038 13 12305 (1981 ... ...... 24211
The figures on the growth of the research stock listed in cobumn (Z) refer 1:2 """"""" :"gg; ::% e b 33';3:
to year-to-year growth figures, as between 1948 and 1949 or 1584 and 1385, R R 14567 |lwosd 2.664.0
el e e EACH a0 T s scas i M e = ol ftie B Al Lo R Zgee
any binary comparizon. The 30-percent figure iz used for both years in these P SO N 1'53513 eE E’Idﬁﬁ.z
caleulations. Finally, the rate of depreciation expresses the percentags loss oo sorir e ol S
of the total research stock existing in the first year of each binary comparison, o " """ " "o Uil e, Lot x




Table 17. The stock of research and
manufacturing and nonmanufacturing, 1948-87

{In bilkons of 1982 dollars)

Year Manufacturing Honmanulacturing

1 - R A S P e $20.45 $0.44
W e s e e 3228 g

|-~ | S e e 35.06 53
g |- . 36.78 55
| - R LA 3912 59
b [~ R e 41.4T7 B2
b L 45 05 B8
FEEE L e e 5031 fr i
¢ = R e e 55,39 B3
3|7 7 e e 80,33 .80
7 o e i S B7.53 1.01
1959 . o iiiiiiiii i T4.10 1.1
AOB s s e B BO.50 1.21
1961 .. &7.51 1.27
3,7 R A R R TR e 94,09 1.35
1963 .. 102,30 1.46
2] e e e 109,85 1.60
[, e e e 117.61 1.74
112 R & B | 125,66 1.87
| v R R S 134 67 2.07
1968 ... 144 49 2.27
1 R R T el L 155.00 258
71 1 165.73 2.80
| P R S e 176.91 310
M L T e 186.58 330
1973 .. 18560 369
POl e e 204.34 398
1975 .. 21411 426
11 Lo AR e 2362 4.46
L R 230.99 4.80
1Ty - TR PN e 238.92 513
Lo TR e e S e, 247.15 5.50
VO i i i b 256.32 6.01
| ) e R R 26668 657
L1 - 27TH.46 7.19
TR L 201.16 T.54
b - e N R 304.43 B.03
ARG, . . B e g 318.49 B.42
AR - C i S 334,596 892
B e e 351.52 934
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Table 18. Growth rate of the stock of research and
development and its contribution to productivity growth,
manufacturing and nonmanufacturing, 1948-87

Manufacturing Nenmanufacturing
Growth | Coniribution | Growth | Contribution
Poriod of the to of tha to
research | produciivity | research | productivity
stock growth stock gromth

1HBAT .......... 8.8 048 a1 0.00
194873 .. ........ 7.9 50 a9 .00
197887 .......... 43 -] 5.9 0




Chapter VI. Alternative
Measures

The preferred measures of the R&D stock constructed
and discussed in the previous chapter are based on a 2-
year lag between applied research expenditures and their
impact on productivity and a 5-year lag for basic research,
10 percent geometric depreciation for applied research,
the Jaffe-Griliches deflator to deflate research expend-
itures, simple addition of basic plus applied research, a
research expenditure series confined to privately financed
research, and no change over time in the productivity
impact of research.

This chapter relaxes many of these assumptions in turn
and examines how such changes alter the growth of the
research stock and the implied effect of R&D on
productivity.

The preferred case, with all the assumptions outlined
in chapter 11, led to the central results presented in tables
12 and 15 of chapter V, which, for convenience, are
repeated as panel A of table 19. These are the base-case
results, and represent the standard against which all alter-
natives are evaluated. Panel A reports 1948-87, 1948-73,
and 1973-87 rates of growth of the r&D stock and the
influence these growth trends had on productivity growth
in the nonfarm business sector. The table also reports the
1987 r&D stock, in 1982 dollars, again as a standard of
reference for further comparisons.

Panels B and C of table 19 examine the impact of vary-
ing the lag before applied research takes effect. The main
case in panel A assumes a 2-year lag between applied
research expenditures and their impact on productivity.
Panel B shows that if a 1-year lag is assumed instead,
there is little effect on the growth of the research stock;
the stock grows slightly less rapidly during 1948-87 and
1948-73 and slightly faster from 1973 to 1987. The change
in the lag has no appreciable impact on productivity
growth. In addition, the research stocks tend to be slightly
greater in magnitude if a 1-year, rather than 2-year, delay
is assumed before new research investment enters the
stock.

Panel C examines a 3-year lag between applied research
investment and its effect on productivity. The 3-year lag
also does not essentially change the implied effect of R&D
on productivity growth. The slightly faster growth of the
research stock reported in panel C is not sufficient to
generate any greater increase in productivity growth.

Panels D and E consider the impact of alternative
methods of depreciation, which have a much more

substantial effect on the rate of research growth and its
influence on productivity. Panel D shows that, if there
is no depreciation, research growth is substantially
greater, with a 7.4-percent 1948-87 growth, in contrast
to 6.6 percent in the preferred case. Research growth in
each subperiod is also appreciably faster than in the
main case. More importantly, the amount of the research
stock is substantially greater if there is zero depreciation.
The combination of faster research growth and a larger
research stock causes R&D to have a much stronger
influence on productivity growih than in the base case.
The impact of R&D in 1948-87 is then 0.36 percent, in
contrast to 0.15 percent in the base case. Furthermore,
the research contribution increases from 0.32 in 1948-73
to 0.43 in 1973-87, as opposed to 0.15 and 0.14 under
the baseline assumption. If research expenditures never
depreciate, the research stock of course increases at
a rapid rate which, if the rate of return is constant,
contributes an ever greater amount to productivity
growth.!

Panel E shows corresponding results if a more rapid
rate of depreciation, 0.2 geometric depreciation, is as-
sumed instead. In this variant, the growth of the research
stock is slightly lower than in the main case, and the levels
of the research stock are substantially lower than in the
other cases. The combination of these influences means
that the contribution of research and development to
productivity is considerably smaller than in the other
instances.

Panels F and G consider an alternative methodology
in which the service price for the R&D stock includes a
depreciation term as well as the assumed 30 percent rate
of return. Clearly, calculations which assume zero depre-
ciation, as in panel D, are unaffected by this alternative
treatment. However, the main-case resulis of panel A,
which assume 10 percent geometric depreciation, are
altered if depreciation is treated differently.? If there is
10 percent depreciation plus a 0.30 net return to the
research stock, so that the service price of the research
stock is actually 0.40, panel F shows that the effect of

! Terleckyj (1982a) presented evidemce suggesting that RaD
investments do not depreciate, However, Griliches and Mairesse (1984)
and Pakes and Schankerman (1984) conclude that raD investments do
depreciate.

2 The alternative treatment of depreciation is examined in section 10
of appendix A,



Table 19. Effects of alternative assumptions on the growth of the stock of research and development and its
contribution to multifactor productivity growth, nonfarm business, 1948-87

{Average annual percent change: 1987 stock in billions of 1582 dollars)

Pariod Growth of the Contribution o Pariod Grewih of 1he Contribution to
rezearch stock producthity growth resaarch stock procuctivity growth
Panel A, Prefarred eslimates Paned G. 0.2 geomstric depreciation with a 0.5 service
194887 ... ... ... &5 0.15 price
104573 7.9 0.15 104BBT L.l 85 0.16
19738t ... ..., 4.3 0.4 104873 ... 7.8 018
‘1987 stock = $361.25 1FFHBT ...onvvnnnnn 4.1 015
Panal B, 1-yaar lag 1987 stock = $233.80
TEMBET oo i iimararmiats 65 0.15 Panel H, The GNP deflator
TRBETE oLl T.T 0.15
TOABET e an TA 014
rd ; 3
i s i TR i 85 0.14
1987 stock = 5376.43 19787 ...l 46 015
Panel C. 3-year lag 1587 stock = $352.21
1948-87 BT 014
. S
197387 4.3 014
£ BB 016
1987 = i
287 stock = 334569 a8z 018
Panal 0. Zaro depreciation a8 0.4
VORBAT s T4 0.28 1887 stock = $3599.62
TRIETI i B.4 0.32
1973-87 . 5.5 0.43 Pansl J. The productivity impact of RAD dechines
1987 stock = $911.28 from 0,30 In 1967 to 0.167 In 1987
14887 ..l 6.6 012
Panel E. 0.2 geomelric depreciation 1MBTE 78 013
19887 _....ouinnns 8.5 0.09 197387 .. vvrnen 43 0.10
TBBTE ol T8 0.10
T o SR a1 0.08 1887 stock = $361.25
1987 stock = $233.80 Panel K. The productivity contribution ks based on a
: 30 percent retum lo money, rather than real, research
Panel F. 0.1 geomelric eciation with a 0.4 sarvicey
price e axpanditures
1S4BET ... 5E 020 TARET Ll B.5 0.14
VTMBTY 79 0.20 VBT T8 0.13
[ B e 43 019 [ e 4.3 014
1587 stock = $361.25 || 1967 stock = $361.25

R&D on productivity growth is then approximately 0.20
or 0.19 percent per year, in contrast to 0.15 or 0.14 per-
cent in the preferred results.

Panel G of table 19 reexamines the results of panel E,
with 0.2 geometric depreciation, with this alternative
treatment of the R&D service price. Under the alternative
methodology, the service price for R&D is 0.5, consisting
of 0.2 from depreciation plus a return term of 0.3. With
a service price of 0.5, the effect on productivity growth
is 0.16 percent a year, in contrast to about (.09 percent
a year in panel E, with similar depreciation patterns but
a service price of only 0.3. However, under either panel
F or panel G, r&D still has no appreciable effect on the
productivity slowdown.

Panel H reports corresponding results if the GNP
deflator is used instead of the Jaffe-Griliches deflator.
Since the GNP deflator increases less rapidly than the
Jaffe-Griliches deflator, this assumption implies a faster
growth of the research stock; however, the magnitudes
involved have relatively little impact on productivity
growth.

Panel I considers results if 20 percent of the federally
funded research conducted in industry is counted within
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the relevant research stock.? The most notable result is
that the growth rate of the research stock declines more
sharply after 1973 than in the main case. The growth of
the research stock slows from 8.2 percent in 1948-73 to
3.8 percent in 1973-87. In contrast, the growth rates for
a stock consisting only of privately financed research are
7.9 percent in 1948-73 and 4.3 percent in 1973-87. So the
observed slowdown in R&D growth is sharper when
Federal funds are included both because implied 1947-
73 growth is then more rapid and because the suggested
1973-87 growth is slower. However, even if 20 percent
of federally financed research conducted in industry is
included, the effect of R&D on the productivity slowdown
is still relatively slight. Finally, the 1987 r&D stock is
approximately 11 percent greater if one-fifth of the
federally financed expenditures conducted in industry is
included in the relevant investment series.

* The Mational Science Foundation publication National Patterns af
Science and Technology Resources provides annual information on
federally financed research conducted in industry from 1953 to 1985.
Virtually all of these expenditures are applied ran. For years prior o
1953, the 1953 proportion (1.33 percent basic research, %8.67 percent
applied research) is assomed.




Panel J allows for a linear decline in the contribution
of a unit of research from 0.30 in 1967 to 0.167 in 1987.
Such a reduction in the rate of return lowers both the
long-term (1948-87) productivity contribution of R&D and
the 1973-87 impact. However, the contribution of R&D
to productivity growth declines only slightly, from 0.13
percent in 1948-73 to 0.10 percent in 1973-87.

Finally, panel K shows the productivity effect of R&D
determined through the same procedures, except that
both the research stock and output are measured in cur-
rent rather than constant dollars. Within this alternative
framework, the impact on R&D is again substantially
similar to the base case.

Overall, these alternatives show that in most instances
the effect on productivity growth is quite robust with
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respect to changes in the central assumptions. The impor-
tant situation in which this is not the case is the rate of
depreciation. If research investments do not depreciate,
as Terleckyj argues, then the direct effect of research on
productivity growth over the entire 1948-87 period would
be 0.36 percent, substantially greater than the 0.15 per-
cent effect in the preferred case. In addition, if the
research stock cumulates without depreciation, then
research steadily exerts a more important influence on
productivity, increasing from 0.32 percent in 1948-73 to
0.43 percent in 1973-87. In such a scenario, R&D would
have an increasing positive impact on output growth and
would tend to accelerate productivity growth and increase
the magnitude of the slowdown that is left to be explained
by other factors.



Chapter VII. Directions
for Future Work

The r&D stocks presented here are likely to indicate the
general order of magnitude of the R&D impact on pro-
ductivity growth reasonably well. The preferred stocks
are based on a number of specific assumptions. However,
only the assumption concerning the rate of depreciation
has a significant effect on the overall conclusions,

Among the major sectors, reliable estimates of the
research stock have been construcied for nonfarm
business as a whole, In addition, estimates of the research
stock have been prepared for the manufacturing and non-
manufacturing sectors. However, these stocks are sub-
ject to a greater margin of error.

The main limitations of the estimates produced here
are in the areas of depreciation and lags. In particular,
the assumption concerning the rate of depreciation has
a major influence on the implied role of R&D in produc-
tivity growth. Much further work is necessary on this
topic.

As mentioned in chapter 111, the issue of depreciation
should be investigated with detailed micro data for
individual firms; however, so far even highly detailed data
have not been able to generate definite and robust
estimates of the rate of depreciation. Lags can also be
investigated in similar data, but this issue has much less
impact on the implied importance of research.

There are several other directions in which further
useful work can be conducted. One is extension of the
present measures to two-digit industry detail in manufac-
turing. Terleckyj has already prepared much of the data
required to construct R&D stocks at the two-digit level,
and further work could proceed along similar lines.

Another important area which requires further effort
15 the construction of an r&D stock for the farm sector.
Work being conducted by Evenson and Huffman will be
helpful in this context. In addition, the indirect effect of
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research stocks is particularly important in agriculture,
and considerable useful work can be conducted on
developing measures of these indirect influences within
the farm sector.

More generally, the indirect effect of research could
also be determined for the other major sectors and for
each two-digit industry in manufacturing. In addition,
further work on the impact which rR&D embodied in
capital goods and in materials has on productivity growth
would be useful. In this context, it would be helpful to
include industries outside manufacturing, which typically
depend on sectors within manufacturing for much of their
new technology, in the sample of industries considered.
The entire issue of the indirect effect of R&D is an
extremely important topic which could have a major
impact on estimates of the influence of R&D on the
economy.

Finally, construction of an improved deflator for R&D
investment is also an important priority. Mansfield,
Romeo, and Switzer (1983), Mansfield (1985), and
Griliches (1984) have made considerable progress in this
direction.

In summary, much remains to be learned about the
direct and indirect effects of R&D. This bulletin has
examined the direct effects in several major economic sec-
tors and has developed plausible magnitudes of the direct
impact of research on productivity growth in the non-
farm business sector. The preferred estimates indicate that
the direct impact of R&D contributes 0.1 to 0.2 percent
annually to productivity growth and did not contribute
appreciably to the productivity slowdown. However, even
when discussion is limited only to the direct effect of
research, the magnitudes involved are still subject to con-
siderable uncertainty, largely because it is difficult to
determine the true rate of depreciation.




Appendix A. The Theoretical
Model

This appendix provides a detailed description of the
theoretical model underlying the estimates of the impact
of research and development presented in this bulletin.
The description attempts to serve two purposes: first, to
present a clear and complete statement of the method-
ology used, and second, to provide a thorough discus-
sion of many technical issues.

The first four sections of this appendix describe the
methodology. In an attempt to ensure readability, the
discussion abstracts from several important issues which
are essential to a full understanding of the methodology.
The pext six sections provide a detailed discussion of these
issues.

The 10 issues are:

1. General methods of growth accounting.

2. Application of growth accounting to R&D:
Constant or variable factor shares.
Application of growth accounting to RaD:
The rate of return to research.

Application of growth accounting to R&D:
Determining the contribution of R&D to pro-
ductivity growth.
. The assumption of constant returns to scale.
Double counting of research inputs.
. Depreciation of the rR&D stock.
. Duplication of research investment.
. Empirical estimates of the rate of return to
the rR&D stock.
The service price of the R&D capital stock.
1. General methods of growth accounting
The analysis conducted here assumes a production
function of the form
vV = C(t) - f(K,L,R) (1

in which V is real value added, which is produced as a
function of inputs of capital (K), labor (L), and research
and development (R). C(t) is an index of those elements
of technology unrelated to research and development, and
shows how much value added or output is derived from
any combination of inputs. C(t) is a Hicks-neutral or
multiplicative factor, and is expressed as a function of
time, t.

Equation (1) is often expressed in terms of growth rates
as
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V/V=C/C+ KK+ egL/L+R/R (2
in which each term indicates a growth rate. For exam-
ple, K/K is approximately equivalent to (K,-K,)/K, or
the capital stock in a second year less the capital stock
in the first year, all divided by the capital stock in the
initial year. As such, K/K indicates the rate of growth
of the capital stock. Similarly, the other terms in equa-
tion (2) reflect the growth of output (V/V), the growth
of technology unrelated to rR&D (C/C), and the growth
of labor and research inputs. The coefficients ¢, ¢,, and
g, are the three output elasticities, which show the effect
which a percentage increase in the growth of each input
has on the percentage growth rate of output.

Growth accounting essentially measures each of these
output elasticities by each factor’s share of total income.
If each of the elasticities in equation (2) is measured by
its factor share, then each factor’s contribution to out-
put growth can be determined by multiplying its income
share by its rate of growth.

As the discussion below illustrates, use of income
shares as weights in this way reflects the central assump-
tion that each factor input is paid exactly its marginal
product.

To clarify the economic intuition underlying such
calculations, consider the case in which the stock of a par-
ticular input, S, increases from S, in year t-1 to 5, in
year t. Assume further that the price of this input is s.
Then, under the critical assumption that the price of an
input also reflects its marginal product, the added amount
of this input contributes an additional s(S,-S, ;) to out-
put. Dividing this expression by pV, the value of output,
this increment of output contributes s(5-5,,)/pV to the
percentage growth rate of output.

This ratio may be multiplied and divided by S and, fur-
ther, S may be substituted for (S-S ). The resulting
expression, (s5/pV) (5/5), the product of the factor share
of S times its rate of growth, is equivalent to s(5-5,,)
/pV¥, which is exactly the contribution which S makes to
the percentage growth rate of output.

Therefore, under the assumption that each factor input
is paid its marginal product, equation (2) can be rewrit-
ten as

V/V =C/C+ a,K/K + qyL/L + o, R/R (3)



in which «,, «, and o, are the factor shares for capital,
labor, and research.

Many issues have to be dealt with in any application
of the general methods of growth accounting to R&D
inputs. The following section considers whether the
general expression given in eguation (3) above should
appropriately be approximated by a Cobb-Douglas func-
tion. Section 3 then examines how equation (3) can be
modified to be expressed in terms of the rate of return
to the research and development stock. Section 4 next
discusses how the productivity contribution of research
and development is determined.

2. Application of growth accounting to R&D: Con-
stant or variable factor shares

Many of the more important studies of the effect of
R&D on productivity growth, such as Griliches (1973),
assume a Cobb-Douglas function, which implies that the
factor shares for capital, labor, and research are each con-
stant. The methodology underlying such studies typically
rewrites equation (3) as

V/V - &, K/K- g L/L = C/C + o, R/R  (4)

On the left-hand side, the increase in output less the con-
tribution of increased capital and labor is frequently re-
ferred to as the rate of growth of multifactor productivity
or A/A.

Equation (4) can then be written in terms of multifac-
tor productivity growth as:

A/A = C/C + o, R/R (5)

which indicates that the rate of multifactor productivity
growth is equal to the contribution of other forms of
technology (C/C) plus the contribution of rRaD.

If the research share is constant, regressions of the form

A/A =a+ bR/R (6)

provide a as an estimate of C/C, the rate of external tech-
nological growth, and b as an estimate of «,, the re-
search share, and therefore the contribution of growth
in R&D to growth in productivity, However, if the
research share is not constant, as the succeeding text
argues is likely to be the case, alternative procedures, such
as those discussed in the next section, have to be relied
upon instead to establish the contribution of R&D to pro-
ductivity growth.

Instead of assuming a constant research share, the pres-
ent study allows each factor share, including the rR&D
share, to vary freely over each year. This decision was
reached for three reasons. First, the flexible share ver-
sion is inherently more general. Second, permitting each
factor share to vary freely within each year is consistent

with the procedures adopted in a prior BLS analysis of
multifactor productivity growth which concentrated on
establishing the effect of capital inputs on productivity
growth (U.5. Department of Labor, 1983). Third, the
empirical results presented in table 13 in chapter V of this
bulletin clearly demonstrate that the research share
increased substantially over the post-World War I period
in the nonfarm business economy. The assumption of
variable factor shares establishes a framework within
which it is possible to allow for this trend. The present
bulletin is therefore based on equation (3) above, which
permits each factor share to vary freely from year to year.
The following section describes an alternative method
of determining the productivity contribution of R&D in
which the real return to a unit of research, rather than
the research share, is regarded as constant over time.

3. Application of growth accounting to R&D: The
rate of return to research

Most recent analyses of the productivity contribution
of r&4D do not assume a constant research share and
therefore do not determine the impact of R&D on pro-
ductivity growth through the relationship given in equa-
tions (5) and (6). Recent work instead typically calculates
the rate of return to research expenditures. This section
explains how this rate of return is usually established.

In this approach, the research share in equation (5) is
replaced by

o, = (p,R)/pY M

in which p, is the rental price of a unit of the R&D stock,
R is the R&D stock, p is the price of output, and V is real
output. Substituting equation (7) in equation (5) leads to

A/A = C/C + (pR)/(pV) (R/R) (8)

which is equivalent to

A/A = C/C + (p/p) (R/V) )]

In equation (9), p, expresses the monetary return to a
unit of research capital, while p is the price of output.
The ratio of these two terms, (p,/p), therefore expresses
the relationship between the monetary return to the
research stock and the general price level or, in other
words, the real return to the research stock. R in equa-
tion (9) indicates the increase in the real research stock.
The product of the real return to the research stock
multiplied by the increase in the research stock, (p,/p)
R, therefore expresses the additional output attributable
to the increase in the R&D stock. Dividing (p,/p) R
by V, real output, expresses the additional output
due to R&D in terms of a percentage rate growth of
output.



Regression analysis based upon equation (9) provides:

A/A =a+ bRV (10)
in which a is an estimate of C/C and b is an estimate of
(p,/p), the real return to a unit of research capital, and
consequently also the amount which a unit of research
contributes to productivity and output growth.

Although equation (10) is expressed in terms of the
infinitesimal calculus, it can be implemented with annual
data. For example, if b is 0.30 and R/V—expressed as
an annual increase in the research stock as a percentage
of value added—is 0.005, then this amount of additional
research contributes 0.0015 or 0.15 percent to multifac-
tor productivity growth.

4. Application of growth accounting to R&D:
Determining the overall contribution of rRaD to pro-
ductivity growth

The first three sections have described how the annual
contribution of R&D to productivity growth can be caleu-
lated from annual growth rates of each of the variables
involved. In practice, however, the calculations reported
in this bulletin used a slightly more complex, but closely
related, method of calculation. This section describes the
procedures used.

The contribution of R&D to productivity growth be-
tween any two years, t and t-1, can be expressed alter-
natively from

X, = o(log R-log R, )) (11)

in which a, is the mean of the research shares in the two
years in question and R, and R, are the research stocks
in these same two years.

CONTR,, the specific contribution of R&D to produc-
tivity growth in year t, can then determined from

CONTR, = exp (X)) - 1.0 (12)

Once the annual contribution of R&D to productivity
growth, CONTR,, is determined from equation (12) for
each year of a long-term sequence, the average contribu-
tion of R&D to productivity growth over a long-term
period can easily be calculated from these annual data.
To understand the procedures used here at an intuitive
level, recall that if a variable increases 5 percent in one
year, 3 percent in a second, and 10 percent in a third,
the average annual rate of growth of this variable over
the 3 years can be calculated as the geometric mean of
one plus these growth rates, less one, or as: ((1.05) (1.03)
(1.10p*2 - 1.0.

In the same way, CONTR, ., the average annual con-
tribution of R&D over n years, can be calculated from the
geometric mean of one plus each of the annual contribu-
tions of R&D, CONTR,, less one, or as:

35

CONTR,, = tr:lI (1+CONTR)}* - 1.0 (13)

n
in which t11'_11 indicates the product of n terms, where each

term is one plus each of the n annual growth contribu-
tions. The nth root is later taken, and one is subtracted
to obtain the eventual result.

Determining the appropriate research share, a, is
obviously a central matter in determining the annual and
long-term productivity contributions of R&D through
equations (11) through (13). In accordance with the
fundamental methodology of growth accounting, the
research share used in equation (11) is calculated as the
average research share for the two years concerned in each
year-to-year comparison.

Specifically, the research share for each year is caleu-
lated from equation (7)

a = (p/p) (R/V)

Consistent with the evidence presented in chapter II1, the
real return to research, p/p , is assumed to be 0.30 for
each year in the main analysis. Substituting this value for
p./p, the average research share for any 2 years t and t-
1 is therefore

a, = [.30 (R/V), + .30 (R/V), ]/ 2.0 (14)
This value of «, is used together with the estimated R&D
stocks in eqguations (11), (12) and (13) to determine the
annual and long-term contributions of R&D to produc-
tivity growth.

5. The assumption of constant retums to scale

Most applications of growth accounting assume con-
stant returns to scale, which implies that the different
elasticities in a relationship such as equation (2) add up
to one. The constant returns to scale framework is also
consistent with the use of factor shares as elasticities, as
in equation (3), since it is well known that, if each input
factor is paid exactly its marginal product, total income
payments will be equal to total production only if there
are constant returns to scale,

However, the constant returns to scale interpretation of
growth accounting is more difficult to maintain when
R&D is treated as an additional input. The main complica-
tion is that there is substantial evidence that resources used
in R&D contribute more to productivity growth than they
are paid.! Consequently, if each factor of production is

! The literature mentioned in chapter 11, parnticularly Mansfield et al
(1977), demonstrates that the social return to kab is consistently greater
than the private return. The tendency to increasing returns to RaD is
part of the more general point that knowledge provides increasing renons
to scale Romer (1986) analyzes this issue




increased by the same percentage, then total production
will increase by more than this percentage due to the
higher returns associated with research inputs. Under
these circumstances, it is difficult to maintain the assump-
tion of constant returns to scale, which has traditionally
simplified the calculation and interpretation of growth
accounting.

The total return to R&D can be viewed at many dif-
ferent levels of aggregation. In one context, the return
to research for individual firms can be studied. In a
broader context, research can be examined at the industry
level, which allows for externalities gained by firms which
benefit from research conducted by other firms in the
industry (Jaffe, 1986; Bernstein and Nadiri, 1986). In a
still broader framework, research can be analyzed within
the total economy, which allows for externalities gained
by producers in completely different industries from those
in which research is conducted.

Even in the most narrowly circumscribed of these
frameworks, at the level of the individual firm, there is
evidence that the return to research is unusually high com-
pared to that of other assets, In part, unusually high re-
turns are likely to reflect the high risk premium required
for investment in R&D (Mansfield et al., 1971). In addi-
tion, some forms of research may still be undergoing a
process of social and cultural diffusion during which their
true advantages are not yet fully appreciated (Griliches,
1986).

When the social externalities involved in studying
research at the industry or economywide level are added
to this picture, it becomes clear that it is difficult to main-
tain the assumption of constant returns to scale, despite
its theoretical and empirical advantages, when R&D is
included as an input in growth accounting. Nevertheless,
throughout this bulletin, the analysis consistently adopts
the assumption of constant returns to scale in order to
remain within the framework within which growth
accounting has generally been discussed.

6. Double counting of research inputs

In the sort of data typically available for productivity
calculations in the United States, the capital, labor, and
materials inputs used in R&D are generally already
included in the inputs used to calculate multifactor pro-
ductivity growth at the firm or industry level (or
equivalently, in the capital and labor inputs used to deter-
mine multifactor productivity at the national level).
Because resources used in research are included once as
capital or labor inputs and once as research inputs, they
are typically counted twice,

To illustrate the principles involved here, divide total
capital into its production and research components, K,
and K, and labor into its production and research ele-
ments, Lp and L . Consequently

K=K +KandL =1L + L
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Materials used in research are not considered here; their
inclusion would not fundamentally alter the analysis,
Resources devoted to research are then

R =FK,L)

where the function is an appropriately weighted summa-
tion of the K, and L, inputs.

The research share is then
o = o + o

The production shares of capital and labor are then cor-
respondingly o, and o .

In a more complete portrayal of the roles of capital,
labor, and rR&D in productivity growth, the relationship is

B/B = V/V -, K /K, - a, L/L - a, R/R (16a)

A more accurate measure of the contribution of research
and development to the residual can then be determined
from regressions based on equation (16a)

B/B =a' +a’'R/R (16b)
either through the research share methodology of equa-
tion (5) or the rate of return to research methodology of
equation (9).

However, in practice, the estimates typically used to

estimate the role of research are based on the relationship
A/A = V/V -0, K/K-aL/L-aRR (173
Residuals based on (17a) are typically used instead of
those based on (16a). However, equation (17a) is inac-
curate because the capital and labor used in research are
subtracted once as a portion of capital and labor inputs
and again for a second time as a component of research
input. Instead of (16b), the residual from which the role
of research is determined is in this case
A/A = a + o R/R (17b)

In equation (16a), since the share terms o, and oy,
include no research inputs, the term o R/R captures the
total return to research inputs. It follows that the regres-
sion coefficient «," in equation (16b) will tend to reflect
the total return to research, including both the private
return and the broader social return to research.

The preceding section argued that research inputs are
likely to be paid less than their marginal products because
of the need for a risk premium or for other reasons. Ab-
stracting from these considerations for the moment, as-
sume that research inputs are in fact paid exactly their
marginal product. Under these circumstances, when the
contribution of capital and labor used in research is re-
moved an additional time from the multifactor produc-
tivity index in equation (17a), the private value of



research, which is the compensation paid these factors,
is already subtracted. Consequently, equation (17b) shows
only the social component of benefits to research, which
is the amount of the total return which remains after the
private return has already been removed. In contrast,
equation (16a) did not double count research inputs in
constructing the relevant residual, and equation (16b)
therefore provided an estimate of the total impact of
research, including both the private and social returns.

As Griliches and Lichtenberg (1984b) have pointed out,
one can expect that market forces will equalize the private
rate of return to research in different industries. However,
there is no mechanism that ensures that the social return
to research will be equalized in different industries.
Therefore, the type of coefficient observed from esti-
mating the usual relationship (17a) can best be interpreted
as the average social return to research.

7. Depreciation of the R&D stock

Ower time, any given research investment depreciates
in the sense that it becomes less able to contribute to out-
put and productivity. Investments in general can become
less productive either because they decay, and so are able
to produce less in a tangible physical sense, or because
they become obsolete. It is possible to think of some cir-
cumstances in which R&D investments decay, as, for
example, a new pesticide towards which insects develop
effective resistance, so that research conducted on this
compound becomes ineffective. On the other hand, it
seems clear that most of the reduction in the productive
potential of research investments occurs because of
obsolescence rather than because of decay.

Two common examples can illustrate the nature of
obsolescence in research investment. Probably the most
frequent situation is one in which research conducted
some years ago is displaced by more modern research
investments conducted in later years which generate a
superior product or process. A second example of obso-
lescence occurs if research which is effective under the
specific economic circumstances for which it is designed
is no longer economically relevant and becomes obsolete.
For instance, research conducted on energy-intensive
methods of production may be highly useful if oil prices
are 38 or $10 per barrel, but may no longer be relevant
if the price is $20 per barrel. These examples clearly
illustrate the sense in which obsolescence is a central factor
underlying the depreciation of R&D investments.

Understanding an asset’s pattern of decay involves
knowing the effective lifetime of the asset and selection
of the appropriate rate of decay. In addition, it is neces-
sary to know the correct time pattern of decay, such as
geometric, hyperbolic, or one-hoss-shay.

Chart A-1, which is taken from the Bureau's prior
work on multifactor productivity growth (U.S. Depart-
ment of Labor, 1983), illustrates some of the main poten-
tial patterns of asset decay.
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With gross stock or one-hoss-shay efficiency decline,
the stock retains its full efficiency until the end of its pro-
ductive life, and then suddenly disintegrates completely
and is unable to contribute further to production.
Another possibility is the straight-line function, in which
losses from asset decay are equal in all time periods. With
a concave function, as illustrated in chart A-1, asset effi-
ciency declines slowly at first and then more rapidly. Con-
versely, with a convex function, losses from asset decay
are great in the early years of an asset’s life and smaller
in later years. The Bureau chose a concave efficiency
function for its measures of physical capital input.

Chart A-1.
General forms of an efficiency function

Relative
efficiency

Gross

1.00 1%

Convex

Age

In the case of physical capital, the Bureau was able to
utilize results from the highly detailed Hulten-Wykoff
(1981) work on the rate and pattern of capital goods
depreciation. Unfortunately, no work comparable in
detail and scope to the Hulten-Wykoff study has ever
been conducted on the depreciation of the rRaD stock.
Therefore, there is no conclusive or even reliable infor-
mation on which to base the selection of the appropriate
shape and speed of the depreciation of R&D investment.

Chapter 111 reviewed the available evidence on the
depreciation of RaD spending and considered the
assumptions made about depreciation in several leading
studies. On the basis of this survey, the relatively simple
geometric form of depreciation, in which the same
percentage of the research stock depreciates each year,




was chosen as the basic form of depreciation. (This pat-
tern yields a convex efficiency function.) Ten percent
geometric depreciation, in which 10 percent of the existing
stock depreciates each year, was chosen as the central
assumption. Zero percent and 20 percent geometric
depreciation rates were chosen as alternative assumptions.

Choice of a specific rate of depreciation turns out to
have important implications for the effect of R&D on pro-
ductivity growth. Consegquently, further empirical work
on the pattern and rate of depreciation of the R&D stock
would be very helpful.

8. Duplication of research Investment

Much of research investment is duplicated in the sense
that some firms duplicate research conducted by other
firms, or perhaps invent around previous patents by
developing slightly improved or somewhat different ver-
sions of existing products.

In addition, a good share of research spending prob-
ably goes towards gathering information already known,
regenerating results once known, or perhaps systematiz-
ing and reordering prior results. Collection and intensive
siudy of prior results are inevitably central to the proc-
ess of developing new and improved understanding in any
area.

Because of this duplication, R&D expenditures of §1
million do not necessarily create an RAD stock of §1
million. However, allowance for this duplication does not
invalidate growth accounting estimates of the effect of
R&D on productivity growth.

For example, if the true research stock is only half of
what it appears to be, the actual rate of return to research
i5 in fact twice what it might seem to be. The net effect
of these offsetting changes in the magnitude of the
research stock and its rate of return leaves the implied
growth contribution of R&D unchanged. Nevertheless, it
is clear that any estimate of the dollar magnitude of the
R&D stock has to be interpreted with considerable
caution.

9. Empirical estimates of the retum to R&D

As indicated in section 3 above, estimates of the effect
of RaD on productivity growth are now typically ob-
tained from empirical estimates of the relationship given
in eguation (9), in which multifactor productivity growth
is analyzed in terms of the increase in the research stock
divided by output.

If the research stock does not depreciate, then the
increase in the research stock is equal to current expend-
itures on research. However, if research does in fact
depreciate, then the true increase in the research stock
is smaller than observed research expenditures.

Early studies in the R&D literature dealt with relatively
early years such as 1958, in which research spending was
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increasing rapidly (Griliches, 1973). These studies
typically pointed out that when investment in any asset
is increasing rapidly, depreciation tends to be slight rela-
tive to new observed expenditures, and observed current
expenditures are a relatively good proxy for the true
increase in the research stock.

However, research expenditures are a much less valid
proxy during more recent years, in which the research
stock has grown less rapidly. More recent work has typ-
ically also not emphasized the appropriate and necessary
qualifications as strongly as earlier studies did.

If research investments depreciate, research expend-
itures will overstate the true increase in the research stock.
Since the independent variable in equation (10) will then
systematically be too large, the estimate of the regression
coefficient or return to research may correspondingly be
subject to substantial downward bias.?

However, this potential difficulty with many estimates
of the return to research may not be serious. The Mans-
field et al. (1977) estimates of the median return to
individual research projects, which are based on careful
study of the return to specific research projects rather
than the regression methodology, which is potentially

2 If map investments depreciate, the troe return to research should
be determined from regressions of the form

A/A = a + b [RDEXP/YV - 5 R/V] (a)

in which RDEXTP is gross investment in research, § is the rate of deprecia-
tion of the research stock, and R is the research stock. As before, ASA
is the rate of muhtifactor productivity growth and V is output.

If the second component of the term in brackets is omitted, a typical
example of omission of variables occurs. It is well established (Mad-
dala (1977), page 156) that if the true regression is

Y = Bx, + B, )
and the regression cstimated is instead
Y = bax, ()
the expected value of the coefficient b, in (c) will be
EMb) =8, + B, (b ) (d)

in which 8, and 8, arc the truc regression cocfficients in (b) and b,
is the regression coefficient from

L =12+ b,x ()

where the omitted variable is analyzed in terms of the included variable.

Applying these results to the bias which results from omitting the
second portion of the independent variable in (a), and noting further
that the productivity impact of both components of the independent
variable in {a) should presumably be the same, so that 'ﬂl = ﬁziﬂ the
terminology of (b)), then the expected value of estimates of the rate of
return to RaD if depreciation is omitted will be

B, + B, (o) (0
where b, is the regression coefficient from
- SR/V = a + b, RDEXP/V (@

If depreciation is approximately one-half of annual expenditures on
research, by, in (g) will be about -.5 and the estimate of the rate of
return implied by (f), if the depreciation term is omitted, will be only
about 0.5 §,. Therefore, omission of the depreciation term may lead
to substantial understatement in the rate of refurn to research.




subject to bias, suggest the rate of return is approximately
25 percent. This result is close to the 30 percent value
chosen on the basis of a review of the regression evidence.
The case study material therefore suggests the regression
estimates are in fact not subject to serious bias.

In addition, section 10 below examines an alternative
method of adjusting typical estimates of the rate of return
to research for the potential impact of depreciation.

Most empirical estimates of the return to research have
assumed that the rate of return is the same in all industries
or firms. However, as Griliches and Lichtenberg (1984b)
point out, the return to R&D in regressions such as equa-
tion (10) is typically a social rate of return. As mentioned
in section 6 above, although one can expect the private
return to research to be equalized across observations,
there is no such presumption for the social rate of return.
In addition, Clark and Griliches (1986) reported that the
estimated social return to R&D can vary widely across
industries, particularly depending on whether or not
major technological changes had taken place in the

industry in guestion. These results deserve careful fur-
ther consideration.

10. The service price of the R&D capital stock

As Hall and Jorgenson (1967) have demonstrated, the
service price per unit of capital can be expressed as

c r+ 6

(18)
in which c is the service price per unit of capital, r is the
rate of return, and & is the rate of depreciation.
Some issues of notation and terminology have to be
clanfied here. First, equations (7), (8), and (9) above,
which discussed the price of the R&D stock, used the term
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P, to refer to the price or productivity contribution of a
unit of the research stock. This concept is identical to ¢,
the service price in the frequently adopted Hall-Jorgenson
terminology; the notation c¢ is used in equation (18)
instead of p, to ensure consistency with the Hall-
Jorgenson notation, which has been widely adopted in
the discussion of issues of productivity and taxation.

Second, the text above has often used the phrases
“return’’ and ‘‘rate of return’ to refer to the produc-
tivity contribution of an additional unit of the rR&D stock.
In the context of equation (18), this is equivalent to c,
the service price. Jorgenson's concept of r, the internal
rate of return after depreciation and taxes are paid, is
different from the sense in which the phrase *‘rate of
return’” is used in the R&D literature. In the R&D context
the term rate of return has consistently been used to
describe the service price or, eguivalently, productivity
contribution.

Throughout almost all of the applications considered
in this bulletin, therefore, the terms rate of return and
return consistently refer to the service price. For exam-
ple, the evidence that the rate of return to the research
stock is on balance 30 percent implies that the service price
or productivity contribution of a dollar of research is 30
cents.

In one section of this bulletin, the phrase rate of return
instead refers to Jorgenson’s internal rate of return char-
acterized in equation (18). Panels F and G of table 19,
which examine the effect of alternative assumptions, con-
sider the change in empirical results which occurs if the
30 percent rate of return refers to r, the internal rate of
return, rather than the service price in eguation (18).
Except for this single instance, however, all other discus-
sion throughout this bulletin refers to ¢, the service price,
by the terms rate of return or return.




Appendix B. Changes in the Rate of Return
to Research and Development

Over Time

Several studies have examined whether the rate of
return to R&D declined over the 1970s. Griliches and
Lichtenberg (1984a) examined data on productivity
growth in a large number of manufacturing industries.
Clark and Griliches (1984) studied data on divisions of
major corporations, and Griliches (1986) examined firm-
level data. Each of these studies found no evidence that
the rate of return to R&D has declined over time. In con-
trast, Griliches (1980b) and Mansfield (1979) presented
evidence that the rate of return to R&D has declined.

The work reported in this appendix considers the rate
of return to R&D within three-digit manufacturing
industries, which is similar to the industry-level analysis
conducted by Griliches and Lichtenberg. In contrast to
their work, however, the present study utilizes annual
data on R&D intensity within each industry.

The initial task is to describe the data used in this dis-
cussion. The first fundamental series is R&D expenditures
as a percentage of domestic shipments for each three-digit
industry in each year from 1971 to 1980. The Bureau of
the Census prepared these data in special tabulations for
the Department of Labor’s Bureau of International Labor
Affairs. Several features of these data are important. The
figures cover total research expenditures conducted in
industry, including both privately and federally financed
research. Data are collected at the company level and
assigned to specific three-digit industries. All research
conducted by each company, including work at both
operating and central research establishments, is covered.
Research conducted by both large and small companies
is included.

There are several limitations to these data. The fact that
they refer to companies rather than establishments is an
important qualification, In addition, the data on research
intensity are relatively unreliable for some industries in
some years. Furthermore, as table 2 in chapter V shows,
most of the slowdown in research spending in the 1970"s
consisted of federally financed funds, which are known
to have a lesser impact on productivity growth than
privately financed expenditures do. Since the research
intensity considered here is total research, and since the
privately financed proportion of total research increased
over the decade, the shift in the research mix towards
more productive types of research spending can be

expected to have increased the overall return to total
research. The data reliability and public/private composi-
tion issues are both considered further in the discussion
below.

The second required data input is multifactor produe-
tivity growth in each indusiry in each year. These data
are obtained from the National Bureau of Economic
Research Program on Productivity Growth and Technical
Change.'

The third variable is capacity utilization in each three-
digit industry in each year. Data for 1973-80 are obtained
from the Census Bureau series on capacity utilization.
Capacity utilization in 1971 and 1972 is estimated on the
basis of the Bureau of Economic Analysis two-digit
figures on capacity utilization, which are similar in con-
cept and trend to the Census series.

Following Clark-Griliches, the evidence is obtained
from a regression in which annual multifactor produc-
tivity growth is the dependent variable and the independ-
ent variables are R&D intensity, the percentage change in
capacity utilization, time, and an R&D and time inter-
action term. Empirical results are:

A/A = .0062 + .281 RD/S + .133 CU

(2.40) (5.96)
n = 1287
-.0016 t -.0135(RD/S)t
(-2.22) (-.62)

SEE = 055 2 = .05

in which A/A is annual multifactor productivity growth,
RD/S is R&D as a percentage of shipments, CU is the
percentage change in capacity utilization, t is time, and
(RD/S) t is the R&D and time interaction. Research inten-
sity, change in capacity utilization, and time are each
significant and have the expected signs. However, as in
Clark-Griliches, the R&D and time interaction term is not
significantly different from zero, so there is no evidence
that the rate of return to research declined in the 1970"s.

Consequently, consideration of these additional data
does not alter the overall impression that no substantial

! This is the series used in Griliches and Lichtenberg (1984b), and
developed further by Gray (1987).




decline in the rate of return to research occurred in the
1970’s. Overall, the evidence presented here supports
Griliches and Lichtenberg (1984a), Clark and Griliches
(1984), and Griliches (1986) in their conclusion that the
rate of return to research did not decline in the 1970"s.

There are two important qualifications to the evidence
discussed here. First, the data on annual research inten-
sity are less reliable in some industries than in others.
Some data were missing in these industries and had to
be estimated from the few years for which data were
available.? However, if analysis is limited to the 109 of
the 143 industries in which the research intensity data are
available for the most years, evidence is generally com-
parable to that cited above. Specifically, the coefficient
for the interaction term is -0.0219, with a t ratio of -
1.04, which again provides no significant evidence of a
decline in the rate of return to research.

Another potential issue is that the privately financed
share of industrial research expenditures, which have a
greater return, increased from 58 percent in 1971 to 68
percent in 1980 (Mational Science Foundation, 1984).

? Most of the missing observations are concentrated in industries
such as textiles or appare] in which research intensity is quite low. Small
changes in the research intensity of these industries are not likely to
afTect the estimaled return to rescarch greatly, since the estimated refurns
are dominated by the differences between highly research-intensive
industries and the large number of less rescarch-intensive industries.
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Griliches (1986) estimated the increased return to privately
financed expenditures from

R*=R(l +453)

in which R* is the increased true return due to the fact
that there is a 5 premium for a particular type of research
which consists of some proportion, s, of total research.
The Griliches estimates of § were typically in the neigh-
borhood of 0.10 or 0.15, which together with a 0.10
increase in s, the privately financed share of research,
implies the overall return to research would have been
expected to increase only slightly because of the increase
in the privately financed proportion of research. The
magnitudes involved are small. In addition, the share of
basic RaD, which Griliches finds to have a much more
substantial premium, decreased from 3.2 to 3.0 percent
over this same period, which would conversely tend to
lower the overall return to research.?

? The stocks calculated in chapter V of this bulletin assume a 2-year
lag between rescarch expenditures and their impact on productivity
growih. In contrast, the empirical analysis conducted here associates
current productivity growth with current research expenditures. How-
ever, allowance for a 2- year lag is much less central to an interindustry
analysis than to a time-series study because the interindustry pattern
of research intensity is fairly stable across time. For example, if the
rate of return to research is estimated from the interindustry sample
for 7 individual years, first with oo lag and second with a 2-year lag,
the correlation between the two sets of estimated annual returns is 0,95,




Appendix C. Research and Development
Expenditures in the Manufacturing
and Nonmanufacturing Sectors

One important issue is whether reliable data on research
can be obtained for the manufacturing sector and for
nonmanufacturing, or whether the data reported have to
be restricted to the nonfarm business sector, which
includes both of these subsectors.

As discussed in chapter IV, the most relevant infor-
mation on R&D on an industry basis is for research by
product field. Unfortunately, the available tables on
research by product field list only **other product fields,
not elsewhere classified’* in addition to the usual manu-
facturing fields. No SIC code is assigned to this category
in the published tables, and therefore the residual cate-
gory cannot readily be assigned to a specific product field
in manufacturing or nonmanufacturing.

The sums involved in this residual category are guite
large, consisting of 33 billion of a total of $29 billion
applied research spending in 1977, Much of this spending
is likely to be applied research in manufacturing fields
which has not been assigned to a specific product field.
Other spending is research in nonmanufacturing fields.
However, no information is available on how much
research falls into each category. Therefore, these data
cannot be used to determine the exact amount of research
taking place in manufacturing or nonmanufacturing
product fields.

The central problem in developing a reliable measure
of applied research in nonmanufacturing is determining
how much research in “‘other product fields, not else-
where classified”” takes place in manufacturing and how
much outside manufacturing. It would be preferable to
obtain separate measures of the R&D stock in manufac-
turing and in nonmanufacturing, since the BLS treats
these as separate major sectors. Therefore, considerable
effort has been spent on this issue.

The best possible solution would be to examine the
responses of individval firms to the National Science
Foundation questionnaire and determine how much of
research spending on the residual applied product field
takes place in manufacturing product fields and how
much in other areas. If feasible, this could be done for
every 10 years or so, perhaps 1958, 1969, 1978, and 1981.
Relatively few firms perform raD, so the number of
responses involved is manageable.

Because this is the only potentially decisive approach,
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BLS contacted the group at the Bureau of the Census
which collects firm-level r&D data for the MNational
Science Foundation. They were kind enough to examine
the individual firm records within this residual product
field for seven industries in the 1981 survey.!

Unfortunately, this preliminary examination indicated
that this procedure would not provide usable data. Only
5 to 10 percent of firms reporting spending in this residual
category gave detail on the types of research assigned to
this classification. Therefore, the information provided
in these data cannot be regarded as representative.

However, the examination did give some rough indica-
tion of the types of research classified into the residual
category. These are shown in table C-1 for each of the
seven industries. Examination of this information sug-
gests that most of the research reported in this residual
product field should appropriately be classified within a
single product field in manufacturing. For example,
research on metallurgy, listed under industrial chemicals,
probably could appropriately be classified as occurring
in the primary or fabricated metals applied field. Many
of the other examples, such as asphalt roofing products
under the petroleum category, also clearly belong in
specific manufacturing product fields.

On the other hand, other examples refer to research
conducted outside manufacturing applied product fields.
For example, mineral extraction within the petrolenm
firms clearly refers to mining. Biotechnology could refer
to agriculture or medicine as well as to manufacturing.
In the aircraft and missiles category, flight safety
presumably refers to transportation rather tham to
manufacturing, although this may be an intermediate
case.

Computer software or systems development appears
in several places on the list. It is uncertain whether this
should properly appear as a separate product field out-
side manufacturing or as part of a manufacturing prod-
uct field. According to William Starr of the Census, some
firms report such computer work as a separate product
field within the residual category and others report such

! The Bureau of Labor Statistics is grateful 1o Elinor Champion
and William Starr of the Burcan of the Census for their help on this
issue.



Table C-1. Ex of the research conducted in the residual
calegory within each Industry

Industrial chemicals
Metallurgical research
Encrgy desalination
Petroleum
Asphalt roofing products
Mineral extraction (an analysis of the relevant physics)
Coal-allernative energy
Biotechnology
Energy conversion
Machinery
Printing
Systems development
Electronic components
Railroad safety equipment
Household appliances
Solar collectors
Hospital supplies
Defense equipment
Development of software and hardware prototypes
Automotive
Mechanical seal
Small engine carburation
Military avionics (computer software)

Aircraft and missiles
Alr-conditioning application
High-energy physics
Npise control
Flight safety
Computer software
Steam valves and traps
Laser and electronics research
Energy rescarch

Optical, surgical, and photographic instroments
Dental products
Optical instruments
Batteries
Photographic chemicals
Clothing

work within their totals for specific applied fields within
manufacturing.?

On the basis of this information, it is probably safe
to conclude that most of the applied research assigned
to the residual product field by manufacturing firms takes
place in manufacturing. However, it is impossible to
assign a definite percentage or determine how this ratio
has changed over time. In addition, the reader should
remember that, even though this is the only information
available on this issue, the picture obtained is based on
the relatively few firms which responded to this question.

Once it proved impossible to determine directly how
much of the reported applied product field research took
place in manufacturing and how much outside, it was
necessary 1o search for other information relevant to this
issue.

? According to National Science Foundation personnel, the Census
Burean conducted an analysis of how 100 firms responded to the RaD
questionnaire in 1981, This showed that **computer systems™ develop-
ment accounted for the largest portion of k&b funds in the other prod-
uct field caregory. Most firms were answering the product field ques-
tion on an “end-product”” rather than an intermediate product basis.
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Another potential source of information is the industry
{company-based) NSF data series. This indicates how
much r&D, including basic and applied, is done by firms
classified in nonmanufacturing industries. Data are avail-
able from 1958 on. The sums involved are much smaller,
amounting to $830 million in 1977 in contrast to the 33
billion in the residual applied product field. The firms
included in the company nonmanufacturing series do not
include companies in the farm sector (although some
private research, such as that conducted by seed firms,
no doubt takes place in the farm sector).?

However, the fact that these data refer to nonmanufac-
turing companies, whereas the preferred industry meas-
ures utilize the applied product field concept, implies that
these data are not really comparable.

The best data on fields in which research actually takes
place are the 1974 estimates prepared by Scherer (1982a).
These data are based on line of business (corporate divi-
sion) information collected for the Federal Trade Com-
mission. They are therefore subject to the qualification
that the line of business classification is not necessarily
the same as an applied product field classification, as is
clear, for example, in the case of a private research lab-
oratory which conducts tests on chemicals for an indus-
trial firm such as Du Pont.*

Nevertheless, if it is tentatively assumed that the line
of business data roughly approximate applied product
fields, the Scherer data can provide a rough indication
of the amount of research conducted outside manufac-
turing. According to the Scherer series, firms spent a total
of $541.3 million in company-financed funds outside
manufacturing in 1974.7 Most of this (3413.2 million)
was spent in the nonmanufacturing sector.

Most of the research conducted in the agriculture, min-
ing, trade, finance, insurance, real estate, and transpor-
tation and public utilities lines of business is probably also
conducted in the corresponding applied product fields.
However, the $266.0 million spent in the construction and

3 For example, according to table B-3 of the 1974 nsF Research and
Development in Industry report, Rad conducted by nonmanufactur-
ing companies includes firms classified in sic 07-12, 14-17, 41-47, 49-
67, 739, B07, and BP1. These industries are all in nonfarm-nonmanufac-
turing. (Note that the definition of the farm sector used here, and in
other 815 work on productivity growth, exclodes agricultural services,
s1C O7).

The 1987 Srendard Industrigl Classification Manual states that
research farms, where presumably much of the research by seed Nirms
is conductied, are classified as operating establishments in Agriculture,
Forestry, and Fishing.

4 Research and development and testing laboratorizs are classified
in the Services major group. In 1987 they were classified in sic 873,

*This amount is calculated as the sum of $128.1 million in
agriculture; 360.3 million in mining; $39.7 million in trade, Ninance,
insurance, and real estate; 547.2 million in transportation and public
utilities; and 5266.0 million in communications and services, including
RaD services. Data arc from table 2 of Scherer (1982a). Figure 1 of
Scherer’s study suggests considerably higher (§721 million) nonmanufac-
turing rescarch spending because of a different treatment of petroleum
extraction.




services industries includes expenditures in the R&D serv-
ices industry. Part of this amount no doubt reflects work
which research laboratories conduct in manufacturing
fields for manufacturing firms, such as tests of potential
carcinogens conducted for chemical firms.

Adding across the row assigned to construction and
services in the Scherer matrix, approximately $40.6 mil-
lion of rR&D spending by construction and services
industries are eventually assigned to manufacturing fields.
However, this estimate is uncertain, since many of the
iterns in this row cannot be published for disclosure
reasons. In addition, an estimate of $40.6 million out of
a total of $266 million research spending in construction
and services seems a rather small share of expenditures
in this category to attribute to manufacturing. This inter-
pretation of the Scherer matrix probably understates the
true amount of work conducted on manufacturing prob-
lems in research labs.

Mevertheless, if one subtracts this $40.6 million from
the total $413.2 million nonfarm-nonmanufacturing re-
search expenditures, these calculations suggest company-
funded research in the nonfarm-nonmanufacturing sector
was $372.6 million in 1974. In contrast, the company-
based data, which also exclude the farm sector, suggest
research spending outside manufacturing was $315 million
in 1974. The relatively close correspondence between $315
million and $372.6 million suggests the company non-
manufacturing data may provide a relatively close approx-
imation to actual research spending in nonmanufactur-
ing lines of business.®

The assignment of particular research spending to the
manufacturing sector is complicated further by the fact
that all company spending for oil refining (s1C 29) and
oil extraction (51C 13) is combined in the available NSF
data. Similarly, company spending for electrical equip-
ment (SIC 36) and communications (S1C 48) is also mixed
together. The latter limitation is especially important,
since substantial expenditures for research, such as that

® In addition, these calculations do not deal with how much research
performed by manufacturing lines of business is conducted in non-
manufacturing areas. The Scherer matrix describes the eventual users
of research performed in each line of business. However, it is unclear
how much research manufacturers directly perform in other fields and
how much is transferred in capital or materials sales.

performed by Bell Laboratories, take place on the border-
line between these two industries. Furthermore, these same
industry combinations are also mixed together within the
applied product field data. The standard NSF publications
imply that all spending in these areas occurs in manu-
facturing. The sums involved are quite large relative to
total research spending in the nonfarm-nonmanufacturing
sector; therefore, further work on dividing up these sums
among the two industries concerned would be helpful.

It would be very difficult to attempt to apply similar
technigues to other years to obtain estimates of time-series
trends. The main problem is that the Scherer matrix exists
only for 1974. In addition, the NSF data showing the
amount which nonmanufacturing companies spent on
other product fields, not elsewhere classified, extend back
only to the mid-1960"s.

In summary, the difficulties involved in creating a valid
measure of the research stock over time in manufactur-
ing and nonfarm-nonmanufacturing are not really
manageable. Therefore, no extensive effort is made to
calculate separate stocks for each of these sectors. Chapter
V reports stocks for manufacturing and nonmanufactur-
ing based on the company totals, without any adjustment.
However, as the above discussion of the 1974 data makes
clear, a stock based on such estimates is merely illustrative
and cannot provide any substantial degree of reliability.

In a longer perspective, the only method of obtaining
data which reliably split out the nonmanufacturing com-
ponent is to ask firms to report exactly which items they
include within the residual applied product field category
in the NSF reports. Such information would have to be
gathered in conjunction with the applied product field
SUrVEYs.

No information is available on basic research expend-
itures by applied product field. All the NSF basic research
data are collected at the company level, rather than by
product field. Therefore, basic research has to be assigned
to sectors or industries according to the industry classif-
ication of each company conducting research. In addi-
tion, the NSF tabulations for companies classified in non-
manufacturing siC industries do not include firms in the
farm sector. Therefore, all basic research conducted out-
side manufacturing is attributed to the nonfarm-
nonmanufacturing sector.




Appendix D. Construction
of the Jaffe-Griliches
R&D Deflator

Construction of an appropriate deflator for R&D is one
of the main problems which must be addressed in creating
estimates of the R&D stock and determining its impact on
productivity growth. This appendix describes all steps
used to create the deflator used in chapter V. It describes
the input series and intermediate steps used in these
calculations.

The analysis starts with the Jaffe-Griliches suggestion,
based on prior work by Jaffe, that the r&D deflator can
be approximated by an index weighted 0.49 for the hourly
compensation index and 0.51 for the implicit deflator,
both for nonfinancial corporations (Griliches, 1984).

Ome of the advantages Griliches mentions for this index
is that *‘it is based on data from a more relevant subsec-
tor of the economy.”” On this basis, the manufacturing
series might be expected to provide a more relevant
subsector, since almost all R&D spending takes place in
manufacturing. However, since the Jaffe-Griliches
measure based on data from nonfinancial corporations
has received considerable attention in the R&D literature,
and has proven to approximate more detailed R&D
deflators rather well for years in which such a comparison
has been feasible, the present discussion deals only with
the preparation of measures of the Jaffe-Griliches index.

The stocks prepared in this bulletin include rR&D invest-
ment which occurred between 1921 and 1987. However,
data on nonfinancial corporations are available only from
1958 to 1987. Therefore, it is necessary to approximate
the Jaffe-Griliches deflator between 1921 and 1957, so
that all relevant research expenditures can be appropri-
ately deflated.

A two-step procedure is used to estimate the Jaffe-
Griliches deflator for years prior to 1958. First, the Jaffe-
Griliches R&D deflator for 1947-57 is estimated on the
basis of the 1958-87 relationship between data for the
nonfinancial corporations and private nonfarm sectors.!
Second, the Jaffe-Griliches deflator for 1921-46 is esti-
mated on the basis of the 1947-87 relationship between-
the Jaffe-Griliches index for the nonfinancial corpora-
tions sector and the GNP deflator.

! As mentioned in chapter IV, the 5LS major sector multifactor pro-
ductivity measures all refer to the private nonfarm business sector, which
excludes government enterprises. Therefore, all calculations throughout
this bulletin also refer to the private nonfarm business sector.

Three comparisons were conducted for 1958-87. The
first compared the index for hourly compensation in the
nonfinancial corporations and nonfarm business sectors.
The second compared the implicit output price deflator
in these same two sectors. The third compared the
Griliches index (0.49 times the compensation index plus
0.51 times the output price deflator) in the two sectors.
Table D-1 presents all 1958-87 data for the nonfinancial
corporations (NFC) and private nonfarm business (PNF)
sectors. Regression results for the three comparisons
Were:

A. For hourly compensation:

NFC = 2.2874 + .9814 PNF
(6.24) (271.33)

t ratios
= 9996 n= 30
SEE = 1.0050
The dependent variable, and therefore also the standard
error of estimate, is measured in index values, with
1977= 100.
B. For the implicit price deflator:

NFC = 2.7939 + .9685 PNF

{(5.29) (183.51) t ratios
= 9992 n = 30
SEE = 1.2424
C. For the Jaffe-Griliches index:
NFC = 2.4991 + .9752 PNF :
(5.83) (228.79)  t ratios
2 = 9995 n =30
SEE = 1.0916

Equation C provides a reasonable fit in terms of the
percentage of explained variance (r*) and the standard




Table D-1. Indexes of the implicit price deflator for output, hourly compensation, and Jaffe-Griliches deflator, 1958-87

(Indece, 1977 = 100)

MNonfinancial Private nonfarm
corporalions business sector
Irnplicit Jath Implicit
= price compengsation Colching price :u'fr};;m'nszﬁm G:;:::H'
deflator dellator deflator deflator
MR s Lk 492 M 418 47.0 322 8.7
) 1 - - A e S e 50.1 354 42.9 480 136 40.9
T e e i s S 50.7 36.9 439 48.8 350 420
VMY b o et 50.9 38.0 446 481 36.2 428
D e L e R L e 515 39.5 458 5000 T 4.0
1], e 51.4 40.8 46.2 =04 391 449
i, -, Tk PRl Sk SR Ao e 521 426 4T.4 1.0 40.9 481
PREE 52.9 43.8 454 52.0 423 47.2
BB . ..o o i e e i 542 482 50.3 53.7 448 453
1 T AR R e T S Tl 55.T 488 52.2 55.1 475 51.4
L O e R S 58.2 521 55.2 5T.8 511 54.4
R o e e v s RN R 606 555 58.1 BO.5 4 575
L 3.3 9.2 61.3 B3.4 58.1 B0.B
g | e e S 666 53.0 4.8 65.6 61.9 4.3
B o e e e 589 66.6 6T 689 B6.1 B7.5
. S e b R R e 719 1.6 Ta 723 715 719
|5 7 A R e e AT 79.4 78.2 788 79.7 779 788
1= 71 R Ba.7 859 B7.3 BB.3 B850 BET
1976 b R e e Sl 94,2 929 936 a7 925 831
WEE o R R T 1000 100.0 100.0 1000 100.0 1000
BT s s, Lo s e e 106.6 108.4 1075 107.0 109.0 108.0
MR L SN T e 1154 187 17.0 116.6 119.0 nra
RO i e et R 1276 1311 129.3 128.1 1305 1293
i ] R R S e e 1417 1433 142.5 140.5 141.7 141.1
= -~ 1498 154.3 152.0 140.4 152.2 150.8
e I e e P 153.7 150.5 156.T 154.5 1589 156.T
B e T T e T 157.9 165.8 161.8 158.9 165.9 162.3
e R e U e e 160.4 1725 158.3 163.5 178 168.5
[ - R e e S R e S 163.2 178.5 172 167.5 181.7 1T4.5
G R oy e e 165.8 185.5 175.5 1723 188.8 1809

error of estimate, which refers to the explanation of the
dependent variable, with an index value of 100.0 in the
base year 1977. Therefore, no attempt was made to
improve upon these estimates by separate further analyses
of equations A and B. Equation C, which is a mixture
of equations A and B, was chosen directly to predict the
NFC values.

Consequently, 1947-57 values of the Jaffe-Griliches
index, comparable to those available for the nonfinan-
cial corporations sector in 1958-87, were predicted on the
basis of regression equation C, and the 1947-57 values
of the Jaffe-Griliches index in the private nonfarm
business sector.? Table D-2 lists the implied 1947-57
values of the Jaffe-Griliches index.

2 The actual value of the Jaffe-Griliches index in the nonfinancial
corporations sector was 41.8 in 1958, Equation C, which is used to
predict these valoes for 1947-57, predicts a 1958 value of 41.2. No
alternpt is made to chain these indexes in 1958,

A variety of other relationships between the NFC and PNF seriss
were also examined, such as logarithmic or semi-logarithmic forms. In
addition, a time trend was included as an additional variable in several
analyses. However, the simple lincar relationship reported here was
regarded as the most reliable version for use in the extrapolation proc-
ess involved in estimating the unkoown data.

Once the deflators for 1947-57 are developed, the next
task is to extend the corresponding deflator back to 1921.
This was done by analyzing the 1947-87 relationship be-
tween the GNP deflator and all values of the Jaffe-
Griliches index, including both the actual 1958-87 values
in table D-1 and the estimated values for 1947-57 in table
D-2. Results were:

D. RD = -4.3661 + 1.0412 GNP
(-15.55) (325.50)  t ratios
= 999 n =41
SEE = .9061

The GNP deflator predicts the R&D deflator fairly well,
as measured by the closeness of the fit and the standard
error of estimate. Note that the coefficient for the GNP
deflator is considerably greater than one, indicating that
the R&D deflator increases more rapidly than the GNP
deflator over long periods of time.

The r&D deflator for 1921-46 was predicted from the
GNP deflator in each of these years and regression




Table D-2. Indexes of the implicit price deflator for out-

put and hourly compensation, private nonfarm business,
and Implied value of the Jalfe-Griliches deflator, non
financial corporations, 1947-57
{index, 1977 = 100)

Private nonfarm e e

bz 1\ apokited val

: R B i1 of JafleGriliches
Year  |jmplicit output|  Hourly Griliches |  9efiator in the
price deflator [compensation | . MFC sactor

1 4.3 178 263 281
1948 ... 36.8 19.4 283 301
1349 73 0.2 28.9 30.7
1950 awe 214 298 6
T o 40.0 233 3.8 335
1952 .. .... 407 24.6 328 M5
1953 ..., 41.4 26.0 339 85
1954 | 42.0 7.0 347 383
1955 ..... 434 279 358 ara
1956 ... 449 204 ara 389
1957 . 464 30,9 38.8 40.3

relationship D. Table D-3 shows annual values of the
R&D deflator calculated in this way.?

‘What sort of implications do these alternative deflators
have for measures of the R&D stock? We approach this
issue by comparing the long-term growth of the research
stock using the two deflators. The research stock for the
nonfarm business sector grew at the following rates:

Based upon
Jaffe-Griliches Based upon
deflator GNe defTator Ratio
1948-87 .......... 5.60 7.07 0.934
1948-73 ...ovvuen 7.k8 B.48 929
19787 ..ecniinna 4.34 4.60 243

? Equation D predicts an index value of 29.8 in 1947, whereas table
D2 shows that the value of the Jaffe-Griliches index in the nonfinan-
cial corporations sector predicted by equation C is 25.1. No artempt
is made 1o chain these valoes in 1947,

If the 1921-46 index values wers instead chained to the 28.1 valve
actually used for 1947, the price of research wounld be lower in 1921-
46, which implics greater amounts of real research would bave been
conducted over This period. To illustrate the magnitudes involved, the
1948-87 growth of the research stock would then have been 6.4 per-
cent, instead of 6.6 percent. Under these alternative calculations, the
effect on productivity growth is 0,144 percent a year instead of the 0.145
percent a year which emerges from the main case. However, because
of the nature of the rounding of these data, this slight change is suffi-
cient to cause the impact of rap to be 0.14 percent per year instead
of 0.15 percent. However, the corresponding effect for 1958, mentioned
in footnote 2, operates in an offsetting direction.
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Table D-3. Extrapolated values of the Jaffe-Griliches
research and development deflator, 1921-46

(Incect, 1977 = 100)

Year Deflator Year Deftater
1 ......... 19.61 G- | R s 1451
AP, i S 1791 1535 1487
;|1 [y 18,69 1936 1487
y 1 R R B 18.28 1987 . 15.90
15 .. ............]| 1B mes oL 1559
8 ... 1853 0 ..., 15.28
197 ... | 1807 [ isen 1575
g [, [ e 18.22 | R e e 16.98
1929 .. .......... 18.22 L AR 18.28
£ R H 17.60 i1 o R R 19.00
- ] [ e SR T - | 11 o, e S R 1931
. R 13.43 1. R S P 1992
B i.iiieeaaias]| 1208 1846 . 25.65

Source: Calculated from the GNP deflator listed in table 8 in the main taot,
adjusted & 1977 =100, and equation D above,

The growth rate of the research stock does not diverge
radically under the two different deflators. In particular,
1973-87 research growth holds up fairly well when the
Jaffe-Griliches deflator is used instead of the GNP
deflator.

Finally, why does the alternative Jaffe-Griliches
deflator still permit a substantial growth in real research
spending here, while still another deflator constructed by
Mansfield, Romeo, and Switzer (1983) showed only a
relatively slow growth in real research expenditures? The
main reason is that total expenditures on research as
defined in the present bulletin increased from $10.010
billion in 1969 to $26.081 billion in 1979, reflecting the
relatively rapid growth of privately financed research
expenditures in industry, which accounts for the largest
portion of the present measures. In contrast, Mansfield,
Romeo, and Switzer report an increase from $7.39 billion
in 1969 to $14.87 billion in 1979 in the specific industries
they study. Their data show R&D expenditures increased
2.01 times from 1969 to 1979, whereas our data show
research spending increased 2.61 times over the same
period. Therefore, even when the relatively rapidly in-
creasing Jaffe-Griliches deflator is used in the present
context, instead of the GNP deflator, a substantial
increase in real research investment still remains from
1969 to 1979,
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